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(54) PERPENDICULAR MAGNETIC RECORDING HEAD, AND ITS MANUFACTURING METHOD 

(57)Abstract: ^ 
PROBLEM TO BE SOLVED: To provide a perpendicular magnetic W 
recording head capable of suppressing the occurrence of side fringing on a 
recording pattern, forming a main magnetic pole layer with high pattern 
accuracy, forming the film of a yoke layer to be thick, and increasing 
passing efficiency, and its manufacturing method. 
SOLUTION: A main magnetic pole layer 24 is formed on a flat insulated 
layer 33 and, separately from the main magnetic pole layer 24, a thick 
yoke layer 35 is laminated on the main magnetic pole layer 24. The front 
end surface 24a of the main magnetic pole layer 24 is formed in such a 
shape that a width dimension in a track width direction is increased as it 
is farther away from an auxiliary magnetic pole layer 21. Thus, a 
perpendicular magnetic recording head is provided, which is capable of 
suppressing the occurrence of fringing on a recording pattern, forming the 
main magnetic pole layer with high pattern accuracy, and properly guiding 
a recording magnetic field to the tip of the main magnetic pole layer. 
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CLAIMS 



[Claim(s)] 

[Claim 1] By a record magnetic field being given to the aforementioned auxiliary magnetic pole layer and the 
aforementioned main pole layer from the coil layer which the auxiliary magnetic pole layer, the insulating layer formed 
on the aforementioned auxiliary magnetic pole layer, and the main pole layer formed on the aforementioned insulating 
layer were prepared, and was laid underground in the aforementioned insulating layer In the vertical-magnetic- 
recording head which records magnetic data on a record medium by the perpendicular magnetic field concentrated on 
the aforementioned main pole layer The aforementioned main pole layer is formed on a flattening side, and the front 
end side of the aforementioned main pole layer is located in an opposed face with a record medium. It is formed in the 
configuration in which the width-of-face size to the direction of the width of recording track spreads as the 
aforementioned front end side separates from the aforementioned auxiliary magnetic pole layer. And the width-of-face 
size of the direction of the width of recording track of the upper surface of the aforementioned front end side is 
regulated as the width of recording track Tw. It is formed by thickness thicker than the thickness of the aforementioned 
main pole layer, and the cross section in a cross section parallel to the aforementioned opposed face is larger than the 
area of the front end side of the aforementioned main pole layer. And the vertical-magnetic-recording head to which a 
front end side is characterized by connecting magnetically with the aforementioned main pole layer the yoke layer 
located in a back side rather than the aforementioned opposed face. 

[Claim 2] It is the vertical-magnetic-recording head according to claim 1 by which the connection layer which starts 
from on the aforementioned auxiliary magnetic pole layer by the back side rather than the aforementioned opposed 
face is formed, the aforementioned main pole layer is formed on the aforementioned insulating layer by which 
flattening was carried out, the aforementioned yoke layer is repeatedly formed on the aforementioned main pole layer, 
and the end face section of the aforementioned main pole layer or the end face section of the aforementioned yoke 
layer are magnetically connected to the aforementioned connection layer. 

[Claim 3] It is the vertical-magnetic-recording head according to claim 2 by which the 2nd insulating layer is formed in 
the circumference of the aforementioned main pole layer, the upper surface of this 2nd insulating layer and the upper 
surface of a main pole layer are formed by the coplanar, and a yoke layer is formed on the aforementioned flat surface. 
[Claim 4] The aforementioned main pole layer top is a vertical-magnetic-recording head according to claim 2 by which 
it is covered by the 3rd insulating layer except for the end face section top of the aforementioned main pole layer, and 
the aforementioned yoke layer is magnetically connected on the aforementioned end face section. 
[Claim 5] The connection layer which starts from on the aforementioned auxiliary magnetic pole layer by the back side 
rather than the aforementioned opposed face is formed, the aforementioned main pole layer It is formed on the 
aforementioned insulating layer by which flattening was carried out, and the end face section is located in the 
aforementioned opposed face side rather than the aforementioned connection layer. The vertical-magnetic-recording 
head according to claim 1 with which it was formed on the aforementioned insulating layer, the front end side 
connected with the back end side of the aforementioned main pole layer magnetically, and the end face section of the 
aforementioned yoke layer has also connected the aforementioned yoke layer magnetically on the aforementioned 
connection layer. 

[Claim 6] The connection layer which starts from on the aforementioned auxiliary magnetic pole layer by the back side 
rather than the aforementioned opposed face is formed. The aforementioned yoke layer is formed on the 
aforementioned insulating layer by which flattening was carried out, and the end face section connects it magnetically 
on the aforementioned connection layer. Moreover, it is the vertical-magnetic-recording head according to claim 1 
which the 4th insulating layer is formed between the front end side of the aforementioned yoke layer, and the 
aforementioned opposed face, and flattening of the upper surface of this 4th insulating layer and the aforementioned 
yoke layer upper surface is carried out, and piles up a main pole layer with the aforementioned yoke layer on the 
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aforementioned flattening side, and is formed. 

[Claim 7] The connection layer which starts from on the aforementioned auxiliary magnetic pole layer by the back side 
rather than the aforementioned opposed face is formed. A magnetic material layer is formed on the aforementioned 
insulating layer by which flattening was carried out, and the aforementioned magnetic material layer consists of a front 
field formed by predetermined length towards the height direction from the aforementioned opposed face, and a back 
field formed towards the height direction back from the end face of the aforementioned front field. It is the vertical- 
magnetic-recording head according to claim 1 from which the end face section of the aforementioned back field is 
magnetically connected to the aforementioned connection layer, the thickness of the aforementioned front field is 
thinly formed compared with the thickness of the aforementioned back field, the aforementioned front field serves as 
the aforementioned main pole layer, and the aforementioned back field serves as the aforementioned yoke layer. 
[Claim 8] The aforementioned front end side of the aforementioned yoke layer put on the aforementioned main pole 
layer or on the bottom is a vertical-magnetic-recording head given in either of the claims 2, 3, 4, and 6 currently 
formed in respect of the inclined plane which inclines in the height direction therefore it separates from the 
aforementioned main pole layer, or the curve. 

[Claim 9] Both the side edge side of the direction of the width of recording track of the aforementioned front end side 
of the aforementioned main pole layer is an inclined plane or a vertical-magnetic-recording head according to claim 1 
to 8 currently formed in respect of the curve. 

[Claim 10] The manufacture method of the vertical-magnetic-recording head characterized by having the following 
processes. 

(a) It is the process which forms an auxiliary magnetic pole layer by the magnetic material, and on the (b) 
aforementioned auxiliary magnetic pole layer. The process which fills the aforementioned coil layer top by the 
insulating layer after forming a connection layer in a back side and forming [ rather than an opposed face with a record 
medium ] a coil layer through an insulating ground layer between the aforementioned opposed face and a connection 
layer on the aforementioned auxiliary magnetic pole layer next, (c) The process which deletes the front face of the 
aforementioned insulating layer and makes the same field the aforementioned insulating-layer upper surface and the 
aforementioned connection layer upper surface, (d) The process which forms a resist layer on the aforementioned 
insulating layer and a connection layer, next keeps spreading at least as the inside width method of the direction of the 
width of recording track in the aforementioned opposed face separates from the aforementioned auxiliary magnetic 
pole layer, and forms a pattern in the aforementioned resist layer, (e) The process which removes the aforementioned 
resist layer after carrying out plating formation of the main pole layer into the aforementioned omission pattern, (f) It 
forms on the aforementioned insulating layer from on the aforementioned main pole layer, applying the resist layer of 
thickness thicker than the aforementioned main pole layer. Rather than the aforementioned opposed face, the yoke 
layer located in a back side extracts in the aforementioned resist layer, and a front end side forms a pattern on the 
aforementioned main pole layer at it. Or the process which removes the aforementioned resist layer after being on the 
aforementioned insulating layer, forming towards the height direction from the back end side of the aforementioned 
main pole layer and carrying out plating formation of the yoke layer into the aforementioned omission pattern. 
[Claim 11] The manufacture method of a vertical-magnetic-recording head according to claim 10 of replacing with the 
aforementioned (f) process and having the following processes. 

(g) The process which forms the 2nd insulating layer in the circumference of the aforementioned main pole layer, and 
forms the upper surface of the 2nd insulating layer of the above, and the upper surface of the aforementioned main pole 
layer on the same field, (h) It forms on the insulating layer of the above 2nd from on the aforementioned main pole 
layer, applying the resist layer of thickness thicker than the aforementioned main pole layer. The process which 
removes the aforementioned resist layer after the yoke layer to which a front end side is located in a back side rather 
than the aforementioned opposed face extracting in the aforementioned resist layer, forming a pattern on the 
aforementioned main pole layer and the 2nd insulating layer and carrying out plating formation of the yoke layer into 
the aforementioned omission pattern. 

[Claim 12] The manufacture method of a vertical-magnetic-recording head according to claim 10 of replacing with the 
aforementioned (f) process and having the following processes. 

(i) The process which applies on the aforementioned insulating layer from on the aforementioned main pole layer, and 
forms the 3rd insulating layer, (j) The process which forms a hole in the 3rd insulating layer of the above formed on the 
end face section of the aforementioned main pole layer at least, (k) Process which removes the aforementioned resist 
layer after the yoke layer located in a back side rather than the aforementioned opposed face extracting, and a front end 
side's forming a pattern after forming the resist layer of thickness thicker than the aforementioned main pole layer on 
the insulating layer of the above 3rd, and carrying out plating formation of the yoke layer into the aforementioned 
omission pattern. 
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[Claim 13] The manufacture method of a vertical-magnetic-recording head according to claim 10 of replacing with the 
aforementioned (d) process or the (f) process, and having the following processes. 

(1) The process which removes the aforementioned resist layer after forming a resist layer on the aforementioned 
insulating layer, and the yoke layer to which a front end side is located in a back side rather than the aforementioned 
opposed face extracting, forming a pattern and carrying out plating formation of the yoke layer into the aforementioned 
omission pattern, (m) The process which newly forms the 4th insulating layer on the aforementioned yoke layer and 
the aforementioned insulating layer, deletes the 4th insulating layer of the above, and makes the same field the upper 
surface of the 4th insulating layer of the above, and the upper surface of the aforementioned yoke layer, (n) The resist 
layer of thickness thinner than the aforementioned yoke layer is formed on the aforementioned yoke layer and the 4th 
insulating layer. The process which it applies to the resist layer on the aforementioned yoke layer from the resist layer 
on the insulating layer of the above 4th located in an opposed face side, and a main pole layer extracts, and forms a 
pattern rather than the front end side of the aforementioned yoke layer, and the process which removes the 
aforementioned resist layer after carrying out plating formation of the main pole layer into the (o) aforementioned 
omission pattern. 

[Claim 14] The manufacture method of a vertical-magnetic-recording head according to claim 10 of replacing with the 
aforementioned (d) process or the (f) process, and having the following processes. 

A resist layer is formed [ next ] on the aforementioned insulating layer and a connection layer, at least (p) The inside 
width method of the direction of the width of recording track in the aforementioned opposed face The process which 
keeps spreading as it separates from the aforementioned auxiliary magnetic pole layer, forms a pattern in the 
aforementioned resist layer, and forms the end face section of the aforementioned omission pattern even on the 
aforementioned connection layer further, (q) The process which removes the aforementioned resist layer after carrying 
out plating formation of the magnetic material layer into the aforementioned omission pattern, (r) Form a resist layer 
on the aforementioned magnetic material layer, and extract only predetermined distance in the height direction from 
the opposed face side on the aforementioned magnetic material layer by exposure development, and a pattern is 
formed. The process which removes a part of aforementioned magnetic material layer exposed out of the 
aforementioned omission pattern, makes thickness thin, uses this portion as a main pole layer, and uses as a yoke layer 
the magnetic material layer formed in the bottom of the aforementioned resist layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention can form a main pole layer with a sufficient pattern 
precision while suppressing that start the vertical-magnetic-recording head which records by giving a perpendicular 
magnetic field to record media, such as a disk which has a hard side, especially fringing occurs to a record pattern, and 
it can form the thickness of a yoke layer thickly, and aims at offering the vertical-magnetic-recording head which can 
raise passage efficiency, and its manufacture method. 
[0002] 

[Description of the Prior Art] There is vertical magnetic recording as equipment which records magnetic data on record 
media, such as a disk, by high density. Drawing 38 is the cross section showing the general structure of the vertical- 
magnetic-recording head used for the equipment of the aforementioned vertical magnetic recording. 
[0003] As shown in drawing 38 , the vertical-magnetic-recording head H of vertical magnetic recording is formed in 
the side edge side of the slider 1 which moves [ surfaces it and ] or slides on a record-medium top, and the 
aforementioned vertical-magnetic-recording head H is arranged between a nonmagnetic membrane 2 and the 
nonmagnetic covering film 3 in side edge side la of a slider 1. 

[0004] The aforementioned vertical-magnetic-recording head H has the auxiliary magnetic pole layer 4 formed with a 
ferromagnetic material, and the main pole layer 5 which opened the interval and was formed on the aforementioned 
auxiliary magnetic pole layer 4 and which was similarly formed with a ferromagnetic material, and end-face 4a of the 
aforementioned auxiliary magnetic pole layer 4 and end- face 5a of the aforementioned main pole layer 5 have appeared 
in the opposed face Ha with a record medium M. In the back side, the aforementioned auxiliary magnetic pole layer 4 
and the aforementioned main pole layer 5 are magnetically connected in the magnetic connection 6 rather than the 
aforementioned opposed face Ha. 

[0005] Between the aforementioned auxiliary magnetic pole layer 4 and the aforementioned main pole layer 5, the 
nonmagnetic insulating layer 7 by inorganic material, such as aluminum203 and Si02, is located, and end-face 7a of 
this nonmagnetic insulating layer 7 has appeared in the aforementioned opposed face Ha between end-face 4a of the 
aforementioned auxiliary magnetic pole layer 4, and end-face 5a of the aforementioned main pole layer 5. 
[0006] And in the aforementioned nonmagnetic insulating layer 7, the coil layer 8 formed with conductive material, 
such as Cu, is laid underground. 

[0007] As shown in drawing 38 , the thickness hw of end-face 5a of the main pole layer 5 is smaller than the thickness 
hr of end- face 4a of the auxiliary magnetic pole layer 4. Moreover, the width-of-face size of end-face 5a of the 
direction of the width of recording track of the aforementioned main pole layer 5 (the direction of illustration X) is the 
width of recording track Tw, and this width-of-face size is smaller enough than the width-of-face size of end-face 4a of 
the direction of the width of recording track of the aforementioned auxiliary magnetic pole layer 4. 
[0008] The record medium M to which magnetic recording is performed by the aforementioned vertical-magnetic- 
recording head H moves to a Z direction to the vertical-magnetic-recording head H, and the soft side Mb is established 
for the hard side Ma in the front face in the inner direction. 

[0009] When are energized by the aforementioned coil layer 8 and a record magnetic field is guided to the auxiliary 
magnetic pole layer 4 and the main pole layer 5, the leakage record magnetic field between end-face 4a of the auxiliary 
magnetic pole layer 4 and end-face 5 a of the main pole layer 5 passes through the hard side Ma of a record medium M 
perpendicularly, and passes along the soft side Mb. Here, since the area of end- face 5a of the main pole layer 5 is 
smaller enough than the area in end- face 4a of the auxiliary magnetic pole layer 4 as mentioned above, magnetic flux 
phi concentrates in the opposite portion of end-face 5a of the main pole layer 5, and magnetic data are recorded by the 
aforementioned magnetic flux phi to the aforementioned hard side Ma in the portion which end-face 5a counters. 
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[0010] 

[Problem(s) to be Solved by the Invention] However, the following troubles occurred with the conventional vertical- 
magnetic-recording head H shown in drawin g 38 . 

[001 1] (1) With the structure shown in drawing 38 , ****** has occurred on the upper surface of the aforementioned 
nonmagnetic insulating layer 7, and the pattern precision of the main pole layer 5 formed on this falls. It is required to 
make small area of end-face 5a of the aforementioned main pole layer 5 which has appeared in the aforementioned 
opposed face Ha especially, to leak, and to centralize a record magnetic field, and in order to attain the high recording 
density to a record medium M, it is necessary to narrow the width of recording track Tw of the aforementioned end- 
face 5a. 

[0012] Therefore, in drawing_38 , it cannot become difficult to **-truck-ize the width of recording track Tw of end- 
face 5a of the aforementioned main pole layer 5 with a sufficient pattern precision, and to form it, and it cannot 
respond to high recording density-ization appropriately. 

[0013] (2) In order to lead the magnetic field guided from the aforementioned coil layer 8 to an opposed face Ha in the 
field by the side of the back of the aforementioned main pole layer 5, it is required to make large the cross section 
which passes magnetic flux. However, with the structure shown in drawing 38 , the thickness of the aforementioned 
mam pole layer 5 cannot be formed by the thickness which was missing from the height direction (direction of 
illustration Y) back, and was mostly fixed, therefore cannot enlarge thickness of the aforementioned main pole layer 5 
in a back side field, and cannot draw the induction field from the aforementioned coil layer 8 at the nose of cam of the 
aforementioned main pole layer 5 effectively. 

[0014] (3) Like drawing_38 , when formed by the film with the aforementioned single main pole layer 5, it is difficult 
to make extremely small only the width of recording track Tw of the aforementioned end-face 5a of the 
aforementioned main pole layer 5. That is, it is difficult to make extremely small the width-of-face size of the 
aforementioned omission pattern only in the portion which extracts in a resist layer, forms a pattern, and forms end- 
face 5a when [ that ] extracting, forming a magnetic material by plating etc. in a pattern and forming the 
aforementioned main pole layer 5. 

[0015] (4) In case a slider 1 moves between the periphery of the disk-like record medium M, and inner circumference 
the angle of skew to which end-face 5a of the aforementioned main pole layer 5 inclines to the rotation tangential 
direction (illustration Z direction) of a record medium M may occur. If end-face 5a of the main pole layer 5 has an 
angle of skew to the rotation tangential direction (illustration Z direction) of a record medium as end-face 5a of the 
mam pole layer 5 is a square or a rectangle as shown in drawing 39 here, as a dashed line shows, side side 5b of a main 
pole layer will give a slanting leakage magnetic field into the width of recording track Twl, Fringing F will occur and 
off-track performance degradation will be caused. 

. [0016] Then, this invention solves the above-mentioned conventional technical problem, and it aims at offering the 
vertical-magnetic-recording head which can respond the end face of the aforementioned main pole layer with a 
sufficient pattern precision to ** truck-ization, and its manufacture method. 

[0017] Moreover, this invention can enlarge effectively thickness in the back side field of the aforementioned main 
pole layer, and aims at offering the vertical-magnetic-recording head which can draw the magnetic flux guided from 
the coil layer suitable for the end face of the aforementioned main pole layer, and its manufacture method. 
[0018] Moreover, this invention can suppress that fringing occurs to a record pattern, and aims at offering the vertical- 
™^ tlc ~ recordmg hCad Whi ° h ^ impr0vement in m off - track performance, and its manufacture method. 

[Means for Solving the Problem] The insulating layer by which this invention was formed on the auxiliary magnetic 
pole layer and the aforementioned auxiliary magnetic pole layer, By a record magnetic field being given to the 
aforementioned auxiliary magnetic pole layer and the aforementioned main pole layer from the coil layer which the 
mam pole layer formed on the aforementioned insulating layer was prepared, and was laid underground in the 
aforementioned insulating layer In the vertical-magnetic-recording head which records magnetic data on a record 
medium by the perpendicular magnetic field concentrated on the aforementioned main pole layer The aforementioned 
mam pole layer is formed on a flattening side, and the front end side of the aforementioned main pole layer is located 
ui an opposed face with a record medium. It is formed in the configuration in which the width-of-face size to the 
direction of the width of recording track spreads as the aforementioned front end side separates from the 
aforementioned auxiliary magnetic pole layer. And the width-of-face size of the direction of the width of recording 
track of the upper surface of the aforementioned front end side is regulated as the width of recording track Tw. It is 
formed by thickness thicker than the thickness of the aforementioned main pole layer, and the cross section in a cross 
section parallel to the aforementioned opposed face is larger than the area of the front end side of the aforementioned 
mam pole layer, and it is characterized by connecting magnetically with the aforementioned main pole layer the yoke 
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layer to which a front end side is located in a back side rather than the aforementioned opposed face. 
[0020] In the above-mentioned this invention, the aforementioned main pole layer is formed on the insulating layer by 
which flattening was carried out. Therefore, the aforementioned main pole layer can be formed with a sufficient pattern 
precision, and ** truck-ization of the aforementioned end face of the aforementioned main pole layer can be attained 
especially appropriately. 

[0021] Moreover, it is possible to be able to suppress appropriately that fringing occurs to a record pattern, and to aim 
at improvement in an off-track property by forming the size of the direction of the width of recording track of the front 
end side of the aforementioned main pole layer in this invention in the configuration which spreads gradually as it 
separates from the aforementioned auxiliary magnetic pole layer. 

[0022] Moreover, in this invention, by connecting the large yoke layer of thickness to the aforementioned main pole 
layer magnetically rather than the aforementioned main pole layer, magnetic flux can be effectively drawn in the 
aforementioned main pole layer from the aforementioned yoke layer, and passage efficiency becomes good and can 
improve an over- writing property. 

[0023] In this invention, the vertical-magnetic-recording head of concrete structure as shown below can be offered. 
[0024] The aforementioned main pole layer is formed on the aforementioned insulating layer by which flattening was 
carried out, the connection layer which starts from on the aforementioned auxiliary magnetic pole layer by the back 
side rather than the aforementioned opposed face is formed, the aforementioned yoke layer is repeatedly formed on the 
aforementioned main pole layer, and the end face section of the aforementioned main pole layer or the end face section 
of the aforementioned yoke layer are first connected to the aforementioned connection layer magnetically by this 
invention. This operation form is drawing 1 . 

[0025] Moreover, it is desirable that the 2nd insulating layer is formed in the circumference of the aforementioned 
main pole layer, the upper surface of this 2nd insulating layer and the upper surface of a main pole layer are formed by 
the coplanar, and a yoke layer is formed on the aforementioned flat surface in this invention. This operation form is 
drawing 1 1 and drawing 12 . 

[0026] Moreover, as for the aforementioned main pole layer top, in this invention, it is desirable that it is covered 
except for the end face section top of the aforementioned main pole layer at the 3rd insulating layer, and the 
aforementioned yoke layer is magnetically connected on the aforementioned end face section. This operation form is 
drawing 5 . 

[0027] In this invention, the connection layer which starts from on the aforementioned auxiliary magnetic pole layer by 
the back side rather than the aforementioned opposed face is formed, or the aforementioned main pole layer It was 
formed on the aforementioned insulating layer by which flattening was carried out, and the end face section connected 
magnetically [ the front end side ] to the back end side of the aforementioned main pole layer by having formed the 
aforementioned yoke layer on the aforementioned insulating layer by being located in the aforementioned opposed face 
side rather than die aforementioned connection layer, and the end face section of the aforementioned yoke layer has 
connected magnetically on the aforementioned connection layer. This operation form is drawing 2 . 
[0028] Or in this invention, the connection layer which starts from on the aforementioned auxiliary magnetic pole layer 
by the back side rather than the aforementioned opposed face is formed. The aforementioned yoke layer is formed on 
the aforementioned insulating layer by which flattening was carried out, and the end face section connects it 
magnetically on the aforementioned connection layer. Moreover, the 4th insulating layer is formed between the front 
end side of the aforementioned yoke layer, and the aforementioned opposed face, and flattening of the upper surface of 
this 4th insulating layer and the aforementioned yoke layer upper surface is carried out, and on the aforementioned 
flattening side, a main pole layer is piled up with the aforementioned yoke layer, and is formed. This operation form is 
d raw ing 3 and drawing 4 . 

[0029] Or in this invention, the connection layer which starts from on the aforementioned auxiliary magnetic pole layer 
by the back side rather than the aforementioned opposed face is formed. A magnetic material layer is formed on the 
aforementioned insulating layer by which flattening was carried out, and the aforementioned magnetic material layer 
consists of a front field formed by predetermined length towards the height direction from the aforementioned opposed 
face, and a back field formed towards the height direction back from the end face of the aforementioned front field. 
The end face section of the aforementioned back field is magnetically connected to the aforementioned connection 
layer, the thickness of the aforementioned front field is thinly formed compared with the thickness of the 
aforementioned back field, the aforementioned front field serves as the aforementioned main pole layer, and the 
aforementioned back field serves as the aforementioned yoke layer. This operation form is drawin g 6 . 
[0030] Moreover, therefore the aforementioned front end side of the aforementioned yoke layer put on the 
aforementioned main pole layer or on the bottom in this invention separates from the aforementioned main pole layer, 
it is desirable to be formed in respect of the inclined plane which inclines in the height direction, or a curve. 
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[0031] As for the both-sides edge of the direction of the width of recording track of the aforementioned front end side 
of the aforementioned main pole layer, in this invention, it is still more desirable to be formed in respect of an inclined 
plane or a curve. 

[0032] Next, the manufacture method of the vertical-magnetic-recording head in this invention is characterized by 
having the following processes. 

(a) It is the process which forms an auxiliary magnetic pole layer by the magnetic material, and on the (b) 
aforementioned auxiliary magnetic pole layer. The process which fills the aforementioned coil layer top by the 
insulating layer after forming a connection layer in a back side and forming [ rather than an opposed face with a record 
medium ] a coil layer through an insulating ground layer between the aforementioned opposed face and a connection 
layer on the aforementioned auxiliary magnetic pole layer next, (c) The process which deletes the front face of the 
aforementioned insulating layer and makes the same field the aforementioned insulating-layer upper surface and the 
aforementioned connection layer upper surface, (d) The process which forms a resist layer on the aforementioned 
insulating layer and a connection layer, next keeps spreading at least as the inside width method of the direction of the 
width of recording track in the aforementioned opposed face separates from the aforementioned auxiliary magnetic 
pole layer, and forms a pattern in the aforementioned resist layer, (e) The process which removes the aforementioned 
resist layer after carrying out plating formation of the main pole layer into the aforementioned omission pattern, (f) It 
forms on the aforementioned insulating layer from on the aforementioned main pole layer, applying the resist layer of 
thickness thicker than the aforementioned main pole layer. Rather than the aforementioned opposed face, the yoke 
layer located in a back side extracts in the aforementioned resist layer, and a front end side forms a pattern on the 
aforementioned main pole layer at it. Or the process which removes the aforementioned resist layer after being on the 
aforementioned insulating layer, forming towards the height direction from the back end side of the aforementioned 
main pole layer and carrying out plating formation of the yoke layer into the aforementioned omission pattern. 
[0033] By the above-mentioned manufacture method, the vertical-magnetic-recording head shown in drawingl or 
drawin g 2 can be manufactured. 

[0034] Or in this invention, it may replace with the aforementioned (f) process and you may have the following 
processes. 

(g) The process which forms the 2nd insulating layer in the circumference of the aforementioned main pole layer, and 
forms the upper surface of the 2nd insulating layer of the above, and the upper surface of the aforementioned main pole 
layer on the same field, (h) It forms on the insulating layer of the above 2nd from on the aforementioned main pole 
layer, applying the resist layer of thickness thicker than the aforementioned main pole layer. The process which 
removes the aforementioned resist layer after the yoke layer to which a front end side is located in a back side rather 
than the aforementioned opposed face extracting in the aforementioned resist layer, forming a pattern on the 
aforementioned main pole layer and the 2nd insulating layer and carrying out plating formation of the yoke layer into 
the aforementioned omission pattern. 

[0035] The vertical-magnetic-recording head shown in drawing 1 1 and drawin g 12 by this manufacture method can be 
manufactured. 

[0036] Or in this invention, it may replace with the aforementioned (f) process and you may have the following 
processes. 

(i) The process which applies on the aforementioned insulating layer from on the aforementioned main pole layer, and 
forms the 3rd insulating layer, (j) The process which forms a hole in the 3rd insulating layer of the above formed on the 
end face section of the aforementioned main pole layer at least, (k) Process which removes the aforementioned resist 
layer after the yoke layer located in a back side rather than the aforementioned opposed face extracting, and a front end 
side f s forming a pattern after forming the resist layer of thickness thicker than the aforementioned main pole layer on 
the insulating layer of the above 3rd, and carrying out plating formation of the yoke layer into the aforementioned 
omission pattern. 

[0037] The vertical-magnetic-recording head shown in drawin g 5 by this manufacture method can be manufactured. 
Moreover, in this invention, it may replace with the aforementioned (d) process or the (f) process, and you may have 
the following processes. 

(1) The process which removes the aforementioned resist layer after forming a resist layer on the aforementioned 
insulating layer, and the yoke layer to which a front end side is located in a back side rather than the aforementioned 
opposed face extracting, forming a pattern and carrying out plating formation of the yoke layer into the aforementioned 
omission pattern, (m) The process which newly forms the 4th insulating layer on the aforementioned yoke layer and 
the aforementioned insulating layer, deletes the 4th insulating layer of the above, and makes the same field the upper 
surface of the 4th insulating layer of the above, and the upper surface of the aforementioned yoke layer, (n) The resist 
layer of thickness thinner than the aforementioned yoke layer is formed on the aforementioned yoke layer and the 4th 
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insulating layer. The process which it applies to the resist layer on the aforementioned yoke layer from the resist layer 
on the insulating layer of the above 4th located in an opposed face side, and a main pole layer extracts, and forms a 
pattern rather than the front end side of the aforementioned yoke layer, and the process which removes the 
aforementioned resist layer after carrying out plating formation of the main pole layer into the (o) aforementioned 
omission pattern. 

[0038] The vertical-magnetic-recording head shown in drawin g 3 or drawin g 4 by this manufacture method can be 
manufactured. 

[0039] Or in this invention, it may replace with the aforementioned (d) process or the (f) process, and you may have 
the following processes. 

A resist layer is formed [ next ] on the aforementioned insulating layer and a connection layer, at least (p) The inside 
width method of the direction of the width of recording track in the aforementioned opposed face The process which 
keeps spreading as it separates from the aforementioned auxiliary magnetic pole layer, forms a pattern in the 
aforementioned resist layer, and forms the end face section of the aforementioned omission pattern even on the 
aforementioned connection layer further, (q) The process which removes the aforementioned resist layer after carrying 
out plating formation of the magnetic material layer into the aforementioned omission pattern, (r) Form a resist layer 
on the aforementioned magnetic material layer, and extract only predetermined distance in the height direction from 
the opposed face side on the aforementioned magnetic material layer by exposure development, and a pattern is 
formed. The process which removes a part of aforementioned magnetic material layer exposed out of the 
aforementioned omission pattern, makes thickness thin, uses this portion as a main pole layer, and uses as a yoke layer 
the magnetic material layer formed in the bottom of the aforementioned resist layer. 

[0040] The vertical-magnetic-recording head shown in drawing 6 by this manufacture method can be manufactured. 
[0041] 

[Embodiments of the Invention] Drawing 1 is drawing of longitudinal section showing the structure of the vertical- 
magnetic-recording head of the 1st operation form of this invention. 

[0042] The vertical-magnetic-recording head H shown in drawing 1 gives a perpendicular magnetic field to a record 
medium M, and makes the hard side Ma of a record medium M magnetize perpendicularly. 

[0043] The aforementioned record medium M is a disk-like, and the high hard side Ma of residual magnetization has 
the soft side Mb where magnetic permeability is high in the inner direction, and the center of a disk takes the axis-of- 
rotation lead, and it is rotated for it by the front face. 

[0044] If it is formed with ceramic material, such as aluminum 203 and TiC, opposed face 1 la of a slider 1 1 counters 
the aforementioned record medium M and a record medium M rotates, a slider 1 1 will surface from the front face of a 
record medium M by the surface airstream, or a slider 1 1 will slide on the slider 1 1 of the aforementioned vertical- 
magnetic-recording head H at a record medium M. In d rawin g 1 , the move direction of the record medium M to a 
slider 1 1 is an illustration Z direction. The vertical-magnetic-recording head H is formed in the trailing side edge side 
of a slider 1 1 . 

[0045] The nonmagnetic insulating layer 54 by inorganic material, such as aluminum 203 or Si02, is formed in side 
edge side 1 lb of the aforementioned slider 1 1, and read station HR is formed on this nonmagnetic insulating layer 54. 
[0046] The aforementioned reading section HR consists of the lower shell lower shield layer 52, the gap layer 55, the 
magnetoresistance-effect element 53, and the up shield layer 51. The aforementioned magnetoresistance-effect 
elements 53 are an anisotropy magnetoresistance-effect (AMR) element, a huge magnetoresistance-effect (GMR) 
element, a tunneled type magnetoresistance-effect (TMR) element, etc. 

[0047] On the aforementioned up shield layer 51, the nonmagnetic insulating layer 12 by inorganic material, such as 
aluminum 203 or Si02, is formed, and the vertical-magnetic-recording head H for record of this invention is formed 
on the aforementioned nonmagnetic insulating layer 12. And the vertical-magnetic-recording head H is covered with 
the protective layer 13 formed by the inorganic nonmagnetic insulating material etc. And opposed face HI a with the 
record medium of the aforementioned vertical-magnetic-recording head H is the same side mostly with opposed face 
1 la of the aforementioned slider 1 1 . 

[0048] With the aforementioned vertical-magnetic-recording head H, the aforementioned nonmagnetic insulating layer 
12 in which ferromagnetic material, such as a permalloy (nickel-Fe), is plated and the auxiliary magnetic pole layer 21 
is formed is formed in the bottom of the aforementioned auxiliary magnetic pole layer 21 (between the auxiliary 
magnetic pole layer 21 and side edge side 1 lb of a slider 1 1), and the circumference of the aforementioned auxiliary 
magnetic pole layer 21. And as shown in drawin g 1 , surface (upper surface) 21a of the auxiliary magnetic pole layer 
21 and surface (upper surface) 12a of the aforementioned nonmagnetic insulating layer 12 are located on the same flat 
surface. 

[0049] As shown in drawing 1 , by the back side (the height direction, the direction of illustration Y), the connection 
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layers 25, such as nickel-Fe, are formed on surface 21a of the aforementioned auxiliary magnetic pole layer 21 rather 
than the aforementioned opposed face HI a. 

[0050] In the circumference of the aforementioned connection layer 25, the nonmagnetic insulating layers 26, such as 
aluminum 203, are formed on surface 21a of the aforementioned auxiliary magnetic pole layer 21, and surface 12a of 
the aforementioned nonmagnetic insulating layer 12, and the coil layer 27 is formed of conductive material, such as 
Cu, on this nonmagnetic insulating layer 26. This coil layer 27 is formed with frame plating etc., and pattern formation 
is spirally carried out so that it may become a predetermined number of turns around the aforementioned connection 
layer 25. On end-connection 27a by the side of the volume center of the coil layer 27, the bottom raising layer 31 
similarly formed with conductive material, such as Cu, is formed. 

[0051] The aforementioned coil layer 27 and the bottom raising layer 31 are covered with the insulating layer 32 of 
organic materials, such as resist material, and are further covered by the insulating layer 33. 
[0052] As for the aforementioned insulating layer 33, being formed by the inorganic insulating material is desirable, 
and at least one or more sorts in A10, aluminum 203, Si02 and Ta 205, TiO and A1N, AlSiN, TiN and SiN, Si3N4, 
NiO, WO, W03, BN and CrN, and SiON can be chosen as the aforementioned inorganic insulating material. 
[0053] And surface (upper surface) 25a of the aforementioned connection layer 25, surface (upper surface) 31a of the 
bottom raising layer 31, and surface (upper surface) 33a of an insulating layer 33 are processed so that it may become 
the same side. Such flattening processing is performed using CMP (chemical mechanical polishing) technology etc. so 
that it may explain by the below-mentioned manufacture method. 

[0054] With this 1st operation gestalt, the main pole layer 24 is formed on the aforementioned insulating layer 33, and 
front end side 24a of the aforementioned main pole layer 24 is made into the same field as the aforementioned opposed 
face HI a. Moreover, it was formed on upper surface 25a of the aforementioned connection layer 25, and end face 
section 24b of the aforementioned main pole layer 24 has connected magnetically. 
[0055] As shown in drawing, 1 , the yoke layers 35, such as a NiFe alloy, are piled up and formed on the 
aforementioned main pole layer 24. Moreover, rather than the aforementioned opposed face HI a, front end side 35a of 
the aforementioned yoke layer 35 was located in the height direction back side, is buried in the aforementioned 
protective layer 13, and has not appeared in opposed face HI a. 

[0056] In addition, in this invention, the thickness H2 of the aforementioned yoke layer 35 is formed more thickly than 
the thickness HI of the main pole layer 24. 

[0057] Moreover, front end side 35a of the aforementioned yoke layer 35 is formed in respect of the inclined plane 
which inclines in the height direction (the direction of illustration Y) towards the upper surface from the undersurface, 
or the curve. As for the undersurface of the main pole layer 24 formed on the aforementioned yoke layer 35, and the 
exterior angle theta between front end side 35a of the aforementioned yoke layer 35, it is desirable that it is 90 degrees 
or more. It is because the magnetic field which leaks from the aforementioned main pole layer 24 towards the 
aforementioned yoke layer 35 by this can be lessened and a magnetic field can be centralized by the aforementioned 
main pole layer 24. 

[0058] Moreover, as shown in draw ing 1 , the lead layer 36 is formed in surface 31a of the aforementioned bottom 
raising layer 31, and supply of record current is possible in the aforementioned bottom raising layer 3 1 and the coil 
layer 27 from the lead layer 36. In addition, it can form with the same material as the aforementioned main pole layer 
24 and the yoke layer 35, and the aforementioned lead layer 36 can form simultaneously the main pole layer 24 and the 
yoke layer 35, and the lead layer 36 by plating. And the aforementioned yoke layer 35 and the aforementioned lead 
layer 36 are covered by the aforementioned protective layer 13. 

[0059] The plan (the direction of an arrow) which looked at the vertical-magnetic-recording head shown in drawi ng 1 
from right above is shown like d rawin g 10 . As shown in the plan of d rawin g 10 , front field 24c of **** in which the 
aforementioned main pole layer 24 is formed in by the width of recording track Tw with the minute upper surface 
(field by the side of trailing of the main pole layer 24) of front end side 24a, and this width-of-face size is maintained 
at, or a width-of-face size spreads a little is formed. Moreover, from the end face of this front field 24c, 24d of back 
fields is formed, and the size of the direction of the width of recording track is gradually spread and formed in the 
target at the 24d of the aforementioned back end fields. 

[0060] As shown in drawing 10 , the aforementioned yoke layer 35 is piled up and formed on 24d of back end fields of 
the aforementioned main pole layer 24. The aforementioned yoke layer 35 is formed in the configuration to which the 
width-of-face size to the direction of the width of recording track spreads on a target gradually towards the height 
direction back. 

[0061] In addition, in this invention, it is required for front end side 24a of the aforementioned main pole layer 24 
exposed to the aforementioned opposed face HI a to be larger than the area of front end side 21b of the aforementioned 
auxiliary magnetic pole layer 21, for example, as shown in drawing 10 , it is desirable [ the width-of-face size Wr of 
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the direction of the width of recording track of the auxiliary magnetic pole layer 21 ] to be formed with a width-of-face 
size larger enough than the aforementioned width of recording track Tw. 

[0062] In addition, it does not pass over the configuration shown in <A HREF="/Tokujitu/tjitemdrw.ipdl? 
N0000=237&N0500=lE_N/;>;>689>:///&N0001=620&N0552-9&N0553=00 TARGET="tjitemdrw"> drawing 
10 to an example, and this invention is not limited to this configuration. Namely, in this invention, the area of the cross 
section which is when cutting the aforementioned yoke layer 35 from a direction parallel to the aforementioned 
opposed face HI a should just become larger than the area of front end side 24a of the aforementioned main pole layer 
24. 

[0063] However, it is desirable of the same grade [ as the size of the 24d / of back end fields of the aforementioned 
main pole layer 24 / direction of the width of recording track ] or to form the width-of-face size to the direction of the 
width of recording track of the aforementioned yoke layer 35 (the direction of illustration X) with a width-of-face size 
smaller than it with the structure shown in drawing 10 . It is because pattern precision may fall and the aforementioned 
yoke layer 35 may be unable to be appropriately formed with a predetermined configuration in the portion in which the 
aforementioned yoke layer 35 is formed in the direction of the width of recording track by overflowing rather than the 
main pole layer 24 of the level difference between the aforementioned main pole layer 24 and an insulating layer 33. 
[0064] As it corrects, for example, is shown in drawing 1 1 (front view), the 2nd insulating layer 56 and 56 is newly 
formed in the both sides of the direction of the width of recording track of the aforementioned main pole layer 24 (the 
direction of illustration X). When processing upper surface 24e of the aforementioned main pole layer 24, and upper 
surface 56a of the 2nd insulating layer 56 of the above into a coplanar using CMP technology etc. and forming the 
aforementioned yoke layer 35 on it, as shown in drawing 12 (plan) It becomes possible to protrude and form the 
aforementioned yoke layer 35 rather than the width-of-face size of the direction of the width of recording track of the 
main pole layer 24. In this case, the yoke layer 35 formed on it can be formed with a sufficient pattern precision by 
flattening of upper surface 24e of the aforementioned main pole layer 24 and the upper surface 56a of the 2nd 
insulating layer 56 being carried out appropriately. 

[0065] In addition, as for the 2nd insulating layer 56 of the above, being formed by the inorganic insulating material is 
desirable, and at least one or more sorts in AlO, aluminum 203, Si02 and Ta 205, TiO and A1N, AlSiN, TiN and SiN, 
Si3N4, NiO, WO, W03, BN and CrN, and SiON can be chosen as the aforementioned inorganic insulating material. 
[0066] Moreover, although the aforementioned main pole layer 24 is extended and formed even on the aforementioned 
connection layer 25 from aforementioned opposed face HI a with the operation form shown in d ra win g 1 , the 
aforementioned main pole layer 24 is formed short, for example, and you may form so that the end face section may be 
located in the aforementioned opposed face HI a side rather than the aforementioned connection layer 25. 
[0067] In this case, the 2nd insulating layer 56 shown in the circumference of the aforementioned main pole layer 24 at 
drawing JUL is formed, and the yoke layer 35 is formed on this. Moreover, a hole is formed on the aforementioned 
connection layer 25, plating formation of the aforementioned yoke layer 35 is carried out also into this hole, and the 
aforementioned yoke layer 35 and the connection layer 25 are magnetically connected to the 2nd insulating layer 56 of 
the above. 

[0068] Drawing 2 is drawing of longitudinal section showing the structure of the vertical-magnetic-recording head of 
the 2nd operation form in this invention. 

[0069] The difference with drawing 1 is in the structure of the main pole layer 24 and the yoke layer 35. Although the 
point currently formed more thickly than the thickness H3 of the aforementioned main pole layer 24 has the the same 
thickness H4 of the aforementioned yoke layer 35 The aforementioned main pole layer 24 is short formed in the height 
direction (the direction of illustration Y) from opposed face HI a, front end side 35a of the aforementioned yoke layer 
35 connects it magnetically from 24f of back end sides of the aforementioned main pole layer 24, and the 
aforementioned yoke layer 35 is formed on the aforementioned insulating layer 33 towards the height direction back. 
And end face section 35b of the aforementioned yoke layer 35 was formed in upper surface 25a of the aforementioned 
connection layer 25, and will be connected magnetically. 

[0070] Drawin gJH is the plan of the vertical-magnetic-recording head of drawing 2 . The aforementioned main pole 
layer 24 is formed by the width of recording track Tw with the minute width-of-face size to the direction of the width 
of recording track (the direction of illustration X) of the upper surface (field by the side of trailing of the main pole 
layer 24) of front end side 24a, and is formed by this width-of-face size or the shape of a width-of-face narrow type in 
which it applies to the height direction (direction of illustration Y) back from this width-of-face size, and a width-of- 
face size spreads a little. In addition, as shown in drawin g 13 , 24d of back end fields where the width-of-face size to 
the direction of the width of recording track spreads on a target gradually towards the height direction back may be 
formed in the aforementioned main pole layer 24. 

[0071] The aforementioned yoke layer 35 is formed from 24f of back end sides of the aforementioned main pole layer 
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24, and towards the height direction back, gradually, the width-of-face size to the direction of the width of recording 
track spreads on a target, and, as for the aforementioned yoke layer 35, is formed. 

[0072] In addition, it does not pass over the configuration shown in drawin g 13 to an example, and this invention is not 
limited to this configuration. Namely, in this invention, the area of the cross section which is when cutting the 
aforementioned yoke layer 35 from a direction parallel to the aforementioned opposed face Hla should just become 
larger than the area of front end side 24a of the aforementioned main pole layer. 

[0073] Drawing.3 is drawing of longitudinal section showing the structure of the vertical-magnetic-recording head of 
the 3rd operation form in this invention. 

[0074] The difference with dr awin g! is in the structure of the main pole layer 24 and the yoke layer 35. Although the 
thickness H6 of the yoke layer 35 is large compared with the thickness H5 of the aforementioned main pole layer 24 
also with this operation form, the aforementioned yoke layer 35 is formed on the aforementioned insulating layer 33, 
and end face section 35b of the aforementioned yoke layer 35 is magnetically connected to upper surface 25a of the 
aforementioned connection layer 25. 

[0075] Moreover, front end side 35a of the aforementioned yoke layer 35 is formed in respect of the inclined plane 
which approaches the aforementioned opposed face Hla towards the upper surface from the undersurface, or the curve. 
As for the undersurface of the main pole layer 24 formed on the aforementioned yoke layer 35, and the exterior angle 
theta between front end side 35a of the aforementioned yoke layer 35, it is desirable that it is 90 degrees or more. It is 
because the magnetic field which leaks from the aforementioned main pole layer 24 towards the aforementioned yoke 
layer 35 by this can be lessened and a magnetic field can be centralized by the aforementioned main pole layer 24. 
[0076] As shown in drawing_3 , the circumference of the aforementioned yoke layer 35 is buried by the 4th new 
insulating layer 57. In addition, as shown in drawing 3 , from front end side 35a of the yoke layer 35, in the opposed 
face Hla side, it is buried by the 4th insulating layer 57 of the above, and the 4th insulating layer 57 of the above 
appears from aforementioned opposed face Hla. In this invention, flattening processing has accomplished the upper 
surface of the 4th insulating layer 57 of the above, and the upper surface of the aforementioned yoke layer 35 using 
CMP technology etc. 

[0077] As for the 4th insulating layer 57 of the above, being formed by the inorganic insulating material is desirable, 
and at least one or more sorts in AlO, aluminum 203, Si02 and Ta 205, TiO and A1N, AlSiN, TiN and SiN, Si3N4, 
NiO, WO, W03, BN and CrN, and SiON can be chosen as the aforementioned inorganic insulating material. 
[0078] And in this invention, it applies on the yoke layer 35 from on the 4th insulating layer 57 of the above by which 
flattening was carried out [ aforementioned ], and the main pole layer 24 is formed. 

[0079] Drawing 14 is the plan of the vertical-magnetic-recording head shown in drawing 3 . As shown in drawing 14 , 
flat-surface formation of the aforementioned yoke layer 35 is carried out at 35d of back end fields in which the 
aforementioned width-of-face size spreads on a target gradually towards the height direction back from front field 35c 
of **** by w hi c h tne width-of-face size to the direction of the width of recording track was made thin, and this end 
face. 

[0080] In addition, the width-of-face size to the direction of the width of recording track of the aforementioned front 
field 35c is formed more greatly than the width of recording track Tw. 

[0081] As shown in drawing 14 , front end side 24a appears in the aforementioned opposed face Hla, and the upper 
surface of the aforementioned front end side 24a is formed for the main pole layer 24 formed on the aforementioned 
yoke layer 35 from on the 4th insulating layer 57 of the above, having applied by the width of recording track Tw. The 
aforementioned main pole layer 24 is a width-of-recording-track size from aforementioned front end side 24a to the 
height direction back, or flat-surface formation is carried out from it at 24d of back fields in which the size of the width 
of recording track spreads on a target gradually towards the height direction back from mist and broad and formed 
front field 24c and aforementioned field [ front ] 24c. 

[0082] In addition, it does not pass over the configuration shown in drawin g 14 to an example, and this invention is not 
limited to this configuration. Namely, in this invention, the area of the cross section which is when cutting the 
aforementioned yoke layer 35 from a direction parallel to the aforementioned opposed face Hla should just become 
larger than the area of front end side 24a of the aforementioned main pole layer. 

[0083] For example, gradually, front field 35c of**** may not be formed in the aforementioned yoke 35, but it may be 
formed only at 35d of back fields at it, and 24d of back fields where a width-of-face size spreads on a target is not 
formed, but as shown by the alternate long and short dash line, the field of **** may be extended even back and may 
be formed in the main pole layer 24. 

[0084] Drawing 4 is drawing of longitudinal section showing the structure of the vertical-magnetic-recording head of 
the 4th operation form in this invention. 

[0085] The difference from drawing! is only the point that the main pole layer 24 is formed in the height direction 
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back by short length from aforementioned opposed face HI a. 

[0086] Drawing 15 is the plan of the vertical-magnetic-recording head shown in drawing 4 . As shown in drawing 15 , 
it is formed by short length, main pole applying [ aforementioned / 24 ] it on the aforementioned yoke layer 35 from on 
the 4th insulating layer 57 made into the same flat side as the upper surface of the aforementioned yoke layer 35. The 
aforementioned main pole layer 24 is formed by the width of recording track Tw with the minute length of the 
direction of the width of recording track of the upper surface of the front end side 24a, and maintains this width-of-face 
size, or becomes a little broader than this width-of-face size, and is formed towards the height direction back. It may be 
formed although front field 35c of **** as shown in drawing 14 is not formed in the yoke layer 35 shown in drawing 
15 . At drawin gjj , the aforementioned yoke layer 35 is formed in the configuration to which the width-of-face size of 
the direction of the width of recording track spreads on a target gradually. 

[0087] Drawing 16 is plan with the another vertical-magnetic-recording head shown in drawing 4 , and the 
aforementioned main pole layer 24 of the difference from drawing 15 is the point that the width-of-face size from front 
field 24c and the end face of **** to the direction of the width of recording track consists of 24d of back fields which 
spread on a target gradually. Introduction of the magnetic flux from the aforementioned yoke layer 35 to the main pole 
layer 24 can be made good by this, and it is possible to manufacture the vertical recording magnetic head which can 
attain high recording density-ization effectively. 

[0088] In addition, it does not pass over the configuration shown in drawing 15 and drawing 16 to an example, and this 
invention is not limited to this configuration. Namely, in this invention, the area of the cross section which is when 
cutting the aforementioned yoke layer 35 from a direction parallel to the aforementioned opposed face Hla should just 
become larger than the area of front end side 24a of the aforementioned main pole layer. 

[0089] Drawing j is drawing of longitudinal section showing the structure of the vertical-magnetic-recording head of 
the 5th operation form in this invention. 

[0090] By the vertical-magnetic-recording head and drawing 1 which are shown in drawing 5 , the structures of the 
main pole layer 24 and the yoke layer 35 differ. 

[0091] Although the thickness H8 of the yoke layer 35 is formed also with the structure shown in drawing 5 more 
greatly than the thickness H7 of the main pole layer 24, the aforementioned main pole layer 24 is upper surface 33a of 
the aforementioned insulating layer 33, and is formed in the height direction (direction of illustration Y) back by short 
length from aforementioned opposed face Hla. Although its distance is furthermore kept a little in the height direction 
from the back end side of the aforementioned main pole layer 24 and the 3rd new insulating layer 58 is formed in piles 
on the aforementioned insulating layer 33, the 3rd insulating layer 58 of the above is not formed on the aforementioned 
connection layer 25 and the bottom raising layer 3 1 . 

[0092] As for the above 58, being formed by the inorganic insulating material is desirable, and at least one or more 
sorts in AlO, aluminum 203, Si02 and Ta 205, TiO and A1N, AlSiN, TiN and SiN, Si3N4, NiO, WO, W03, BN and 
CrN, and SiON can be chosen as the aforementioned inorganic insulating material. 

[0093] Moreover, although a part of 3rd insulating layer 58 of the above is formed also on the aforementioned main 
pole layer 24, it is not formed on end face section 24b of the aforementioned main pole layer 24. The 3rd insulating 
layer 58 of the above formed on the aforementioned main pole layer 24 has the role which protects the aforementioned 
main pole layer 24 from etching at the time of removing the plating ground layer formed in the circumference of the 
yoke layer 33 so that it may explain by the below-mentioned manufacture method. 

[0094] The yoke layer 35 is formed on the 3rd insulating layer 58 formed in the height direction back rather than the 
aforementioned main pole layer 24. It was formed on end face section 24b of the aforementioned main pole layer 24 
exposed from hole 58a formed in the 3rd insulating layer 58 of the above, and the front of the aforementioned yoke 
layer 35 has connected with the aforementioned main pole layer 24 magnetically. 

[0095] Front end side 35a of the aforementioned yoke layer 35 is formed in a back side rather than opposed face Hla, 
and, in the opposed face Hla side, it will be buried from the aforementioned front end side 35a by the protective layer 
13. Moreover, being formed in respect of the inclined plane which is missing from the upper surface from the 
undersurface, and becomes deep towards the height direction, or a curve can suppress that a magnetic field leaks from 
the aforementioned main pole layer 24 to the aforementioned yoke layer 35, and the aforementioned front end side 35a 
has it, as shown in draw ing 5 . [ desirable ] 

[0096] As for the exterior angle theta between the aforementioned front end side 35a and the undersurface, it is 
desirable that it is 90 degrees or more. Moreover, it was formed on the aforementioned connection layer 25, and end 
face section 35b of the aforementioned yoke layer 35 has connected magnetically. 

[0097] Moreover, the lead layer 36 formed at the same process as the aforementioned yoke layer 35 is formed on the 
aforementioned bottom raising layer 3 1 . 

[0098] Dr awin g 17 is the plan of the vertical-magnetic-recording head shown in drawing 5 . As shown in drawin g 17 , 
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the aforementioned main pole layer 24 consists of 24d of back fields in which the width-of-face size from this end face 
to front field 24c which the width-of-face size of the direction of the width of recording track of the upper surface of 
front end side 24a is formed with the minute size of the width of recording track Tw, and maintains this width-of-face 
size, or becomes a little broad towards the height direction, and the direction of the width of recording track spreads on 
a target gradually. Or as shown in an alternate long and short dash line, the aforementioned main pole layer 24 may 
consist of only front fields which maintain the width of recording track Tw, or become a little broad towards the height 

direction. . 
[0099] As shown in drawing 17 , the yoke layer 35 which connected magnetically on end face section 24b of ttie 
aforementioned main pole layer 24 is formed in the configuration to which the size of the direction of the width of 
recording track spreads on a target gradually towards the height direction back. In addition, front field 35c of **** 
shown by drawing 14 etc. may be formed in the aforementioned opposed face Hla side of the aforementioned yoke 

layer 35. . . 

[0100] In addition, it does not pass over the configuration shown in drawmgJJ to an example, and this invention is not 
limited to this configuration. Namely, in this invention, the area of the cross section which is when cutting the 
aforementioned yoke layer 35 from a direction parallel to the aforementioned opposed face Hla should just become 
larger than the area of front end side 24a of the aforementioned main pole layer. 

[0101] Drawing 6 is drawing of longitudinal section showing the structure of the vertical-magnetic-recording head of 
the 6th operation form in this invention. 

[0102] The difference from drawingj is in the structure of the main pole layer 24 and the yoke layer 35. In drawing 6 , 
the magnetic material layer 69 which the portion of the aforementioned main pole layer 24 and the portion of the 
aforementioned yoke layer 35 unified is formed on the aforementioned insulating layer 33. As shown in drawing 6 , the 
aforementioned magnetic material layer 69 consists of a main pole layer 24 of a front field, and a yoke layer 35 of the 
back field formed towards the height direction from the end face of the aforementioned front field to predetermined 
length from aforementioned opposed face Hla to the height direction back. It was formed in upper surface 25a of the 
aforementioned connection layer 25, and end face section 35b of the back field used as the aforementioned yoke layer 
35 has connected magnetically. 

[0103] With this operation form, as shown in drawing 6 , the thickness H10 of the aforementioned yoke layer 35 is 
formed more thickly than the thickness H9 of the aforementioned main pole layer 24. 

[0104] Draw ing 18 is the plan of the vertical-magnetic-recording head shown in drawing 6 . As shown in drawing .18 , 
the upper surface of front end side 24a of the main pole layer 24 is formed by the width of recording track Tw with the 
minute width-of-face size of the direction of the width of recording track. Front field 24c which maintains this width- 
of-face size, or becomes a little broad towards the height direction is formed, and the aforementioned front field 24c 
has become the main pole layer 24. And the back end field used as the yoke layer 35 to which it applies in the height 
direction from the end face of the aforementioned front field 24c, and the width-of-face size of the direction of the 
width of recording track spreads on a target gradually unifies, and is formed. 

[0105] As mentioned above, although the structure of the operation form of this invention shown in drawingl or 
d rawing 6 was explained, it is as follows when the focus in this invention is summarized. 

[0106] (1) the above ~ also in which operation form, the aforementioned main pole layer 24 is formed on the field by 
which flattening was carried out Drawingl , drawingl , drawing^ , and drawing 6. are formed on an insulating layer 
33, and flattening of the upper surface 33a of the aforementioned insulating layer 33 is carried out by polish processing 
byCMP technology etc. Moreover, in drawing 3 and drawing 4 , it is formed on the 4th insulating layer 57 and the 
yoke layer 35, and flattening of the upper surface of the 4th insulating layer 57 of the above and the yoke layer 35 is 
carried out by polish processing of CMP technology etc. 

[0107] Thus, by this invention, with any operation form, since the aforementioned main pole layer 24 is formed on the 
flattening side, it can raise the pattern precision at the time of forming the aforementioned main pole layer 24, and can 
form the upper surface of end-face 24a correctly and easily before the aforementioned main pole layer 24 especially at 
the minute width of recording track Tw. Therefore, in this invention, it can respond to ** truck-ization appropriately, 
and it is possible to manufacture the vertical-magnetic-recording head which can respond to future high recording 
density-ization. In addition, in this invention, as for the aforementioned width of recording track Tw, it is desirable that 
it is 0.7 micrometers or less, and it is 0.5 micrometers or less more preferably. 

[0108] (2) By this invention, the thickness of the yoke layer 35 can be formed with any operation form more thickly 
than the thickness of the main pole layer 24. With the operation form shown in drawingl or drawing^ , the main pole 
layer 24 and the yoke layer 35 are separately formed by each. Thus, by making the manufacturing process of the main 
pole layer 24 and the yoke layer 35 into another process, the thin main pole layer 24 of thickness and the thick yoke 
layer 35 of thickness can be formed easily, and the aforementioned yoke layer 35 which therefore has the cross section 
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larger enough than front end side 24a of the aforementioned main pole layer 24 can be formed. Therefore, a record 
magnetic field can be drawn suitable for the aforementioned main pole layer 24 from the aforementioned yoke layer 
35, and the passage efficiency of magnetic flux becomes good and can improve an over-writing property. 
[0109] Moreover, although the main pole layer 24 and the yoke layer 35 are formed in one with the operation form 
shown in drawing 6 , also in this operation form, it is possible to form the thickness of the aforementioned yoke layer 
35 more thickly than the thickness of the aforementioned main pole layer 24 by preparing a level difference between 
the aforementioned yoke layer 35 and the main pole layer 24. In addition, about the manufacture method, it mentions 
later. 

[01 10] (3) With the operation form shown in drawin g 1 or drawing 5 , since the main pole layer 24 and the yoke layer 
35 are separately formed by each, the width-of-recording-track size of the main pole layer 24 can be set up as a thing 
different from the width-of-face size of the aforementioned yoke layer 35. 

[0111] Namely, if it is the configuration with which the main pole layer 24 and the yoke layer 35 were united like 
before Linear dimension to the height direction of the main pole layer 24 formed by the width of recording track Tw is 
shortened as much as possible. It becomes possible for the direction which forms the broad yoke layer 35 in the 
position from which it is not so much separated of distance in the height direction to be able to protect the magnetic 
saturation of the aforementioned main pole layer 24 from aforementioned opposed face HI a, to be able to make the 
aforementioned main pole layer 24 collect magnetic flux, and to obtain high recording density. 
[0112] However, if linear dimension to the height direction of the aforementioned main pole layer 24 is shortened too 
much, from the problem of pattern precision, the predetermined width of recording track Tw will be hard to prescribe 
the width-of-face size of front end side 24a of the aforementioned main pole layer 24, and it will become easy to 
generate dispersion in the configuration of the width of recording track Tw or the main pole layer 24. 
[01 13] On the other hand, when forming separately the main pole layer 24 and the yoke layer 35 like this invention, for 
example, as shown in drawing 12 or drawing 17 Even if it forms front field 24c of **** formed by the width of 
recording track Tw of the aforementioned main pole layer 24 for a long time Since it becomes possible to lay the 
aforementioned yoke layer 35 on top of the front field 24c top of the aforementioned main pole layer 24, or the bottom, 
and to bring close and form the aforementioned yoke layer 35 in the aforementioned opposed face HI a side While 
being able to aim at concentration of magnetic flux, it becomes possible for pattern precision to be good and to form 
the aforementioned main pole layer 24 by the predetermined width of recording track Tw. Moreover, the flexibility of 
a design of the main pole layer 24 and the yoke layer 35 increases. 

[0114] Therefore, when forming the yoke layer 35 on 24d of broad back fields formed in the main pole layer 24 in the 
case of drawing 1 as shown in drawin g 10 if it carries out from the above-mentioned viewpoint, front field 24c of the 
aforementioned main pole layer 24 must be made short to LI, and it becomes easy to generate dispersion in the width 
of recording track Tw or a configuration. For this reason, if the circumference of the aforementioned main pole layer 
24 is fill uped with the 2nd insulating layer 56 and flattening of the aforementioned main pole layer 24 and the 2nd 
insulating layer 56 is carried out with CMP technology as shown in drawing 1 1 and drawing 12 Since it becomes 
possible to form the yoke layer 35 on the 2nd insulating layer 56 by which flattening was carried out As shown in 
drawing 12 , the yoke layer 35 can be piled up on front field 24c of the main pole layer 24, therefore, front field 24c of 
the aforementioned main pole layer 24 is extended for a long time to L2, pattern precision is raised, and it becomes 
possible to form by the predetermined width of recording track Tw. 

[0115] (4) With any operation form of this invention, as shown in drawing 7 and drawing_8 (all are front view), it is the 
inclined plane or curve side where the width-of-face size to the direction of the width of recording track (the direction 
of illustration X) spreads [ the side sides 24g and 24g of front end side 24a of the main pole layer 24 ] towards the 
undersurface to the upper surface. And the upper surface (end face by the side of trailing of the main pole layer 24) of 
front end side 24a of the aforementioned main pole layer 24 is regulated as the width of recording track Tw. 
[01 16] Thus, if the side sides 24g and 24g of front end side 24a of the aforementioned main pole layer 24 are made into 
an inclined plane or a curve side and the configuration of the aforementioned front end side 24a is a **** trapezoidal 
shape The 24g of the aforementioned side sides shown by (iii) though an angle of skew is produced as the dashed line 
of drawin g 9 shows when the aforementioned **** medium records by running to an illustration Z direction does not 
overflow aslant the recording track width of face Twl into the side greatly. Therefore, fringing by the 24g of the 
aforementioned side sides can be prevented now, and improvement in an off-track performance can be aimed at. 
[01 17] Moreover, as shown in the dotted line of drawing 7 and drawing 8 , although the upper surfaces 33a and 57b of 
the insulating layers 33 and 57 currently formed in the undersurface both sides of the aforementioned main pole layer 
24 are inclining or curving in the direction of the undersurface as they separate from the main pole layer 24, they 
depend this on the influence of etching at the time of removing the aforementioned insulating layers 33 other than 
under the aforementioned main pole layer 24, and the excessive plating ground layer 71 formed on 57. 
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[01 18] (5) When forming separately the main pole layer 24 and the yoke layer 35 like the operation form shown in 
drawjngj. or drawing 5 , it is possible to form the main pole layer 24 by the magnetic material which has saturation 
magnetic flux density higher than the aforementioned yoke layer 35. 

[01 19] This sometimes gives the magnetic flux phi with high density perpendicularly possible to the hard side Ma of a 
record medium M from front end side 24a of the aforementioned main pole layer 24 with the cross section of the 
direction of the width of recording track smaller than the aforementioned yoke layer 35, and an over-writing property 
can be raised. 

[0120] With this vertical-magnetic-recording head H, if record current is given to the coil layer 27 through the lead 
layer 36, a record magnetic field will be guided to the auxiliary magnetic pole layer 21 and the yoke layer 35 by the 
current magnetic field of the current which flows the coil layer 27. As shown in each operation form, in opposed face 
HI a, the leakage record magnetic field from front end side 24a of the aforementioned main pole layer 24 and front end 
side 21b of the auxiliary magnetic pole layer 21 penetrates the hard side Ma of a record medium M, and passes through 
the soft side Mb. Since the area of front end side 24a of the aforementioned main pole layer 24 is smaller enough than 
the area of front end side 21b of the auxiliary magnetic pole layer 21, it leaks to front end side 24a of the 
aforementioned main pole layer 24, the magnetic flux phi of a record magnetic field concentrates, the aforementioned 
hard side Ma is perpendicularly magnetized by this magnetic flux phi currently concentrated, and magnetic data are 
recorded. 

[0121] Next, the manufacture method of the vertical-magnetic-recording head of each operation form is explained 
below. Drawing J 9 or drawing 21 is the common manufacturing process of each operation form. In addition, 1 process 
drawing shown in drawing 32 from drawing.l9 shows drawing of longitudinal section of a vertical-magnetic-recording 
head. 

[0122] At the process shown in drawing 19 , after forming the auxiliary magnetic pole layer 21 made from a magnetic 
material on the nonmagnetic insulating layer 12, the height direction back of the aforementioned auxiliary magnetic 
pole layer 21 is also fill uped with the aforementioned nonmagnetic insulating layer 12, and carries out flattening 
processing of the upper surface of the aforementioned auxiliary magnetic pole layer 21 and the nonmagnetic insulating 
layer 12 using CMP technology etc. further. 

[0123] Next, behind [ height direction ] the aforementioned auxiliary magnetic pole layer 21, plating formation of the 
connection layer 25 made from a magnetic material is carried out, it applies to the upper surface of the connection layer 
25 from the auxiliary magnetic pole layer 2 1 aforementioned upper surface further, the spatter of the inorganic 
insulating material is carried out, and the nonmagnetic insulating layer 26 is formed in it. 
[0124] Next, as shown in drawin g_20 , the coil layer 27 is formed with frame plating on the aforementioned 
nonmagnetic insulating layer 26, and similarly the bottom raising layer 3 1 is further formed by plating. The coil layer 
27 is formed in a position lower enough than the height of the aforementioned connection layer 25 at this time. And the 
aforementioned coil layer 27 and the bottom raising layer 31 are covered by the insulating layer 32 of an organic 
material, further, the spatter of the inorganic insulating material is carried out, and the wrap insulating layer 33 is 
formed for all layers. 

[0125] Next, polish processing is performed from the illustration upper part to each class formed by the state of 
drawing 20 using CMP technology etc. This polish processing is performed to the position of the level surface (L-L 
side) which crosses all the aforementioned insulating layers 33, the connection layers 25, and bottom raising layers 31. 
[0126] As a result of the aforementioned polish processing, as shown in drawing 21 , it is processed so that all of 
surface 25a of the connection layer 25, surface 33a of an insulating layer 33, and surface 31a of the bottom raising 
layer 3 1 may become the same field. 

[0127] It is the manufacturing process in which even this is common in each operation form. Next, the manufacture 
method of the vertical-magnetic-recording head of the structure shown in drawing 1 is explained. 
[0128] At the process shown in drawing 22 , the resist layer 60 is first formed in upper surface 33a of the 
aforementioned insulating layer 33, upper surface 25a of the connection layer 25, and the whole upper surface 31a of 
the bottom raising layer 31, by exposure development, the main pole layer 24 extracts and pattern 60a is formed. The 
aforementioned omission pattern 60a is formed even in upper surface 25a of the aforementioned connection layer 25 
from opposed face HI a with a record medium. Moreover, it extracts, even if it applies to the height direction (direction 
of illustration Y) back from upper surface 3 1 a of the aforementioned bottom raising layer 3 1 , and a pattern is formed. 
And in the aforementioned omission pattern 60a, plating formation of the main pole layer 24 is carried out, and the 
account resist layer 60 of back to front is removed. The main pole layer 24 prolonged from aforementioned opposed 
face HI a to the connection layer 25 by this is formed. In addition, since it is covered with the plating ground layer at 
the time of the aforementioned main pole layer 24 formation (not shown) all over the insulating layer 33, it leaves the 
aforementioned plating ground layer formed in the bottom of the aforementioned main pole layer 24, and other plating 
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ground layers are removed by etching. Although the aforementioned main pole layer 24 is also deleted in part at this 
time, thereby, the width of recording track Tw of the upper surface (end face by the side of trailing) of the 
aforementioned main pole layer 24 becomes narrow, and it becomes possible to manufacture the vertical-magnetic- 
recording head which can respond to ** truck-ization. 

[0129] Next, at the process shown in drawing 23 , the resist layer 61 is formed the whole surface on the 
aforementioned main pole layer 24 and an insulating layer 33. Let the aforementioned resist layer 61 be thickness 
thicker than the aforementioned main pole layer 24. Then, by exposure development, the yoke layer 35 extracts and 
pattern 61 a is formed. It is made for front end side 61b of the aforementioned omission pattern 61a to be located in the 
height direction back rather than opposed face HI a with a record medium at this time. And plating formation of the 
yoke layer 35 is carried out into the aforementioned omission pattern 61a, and the account resist layer 61 of back to 
front is removed. The yoke layer 35 of thickness thicker than the aforementioned main pole layer 24 piles up on the 
aforementioned main pole layer 24 by this. 

[0130] In addition, since the aforementioned plating ground layer is unnecessary like drawin g 10 when forming the 
aforementioned yoke layer 35 only on the main pole layer 24, the removal process of the aforementioned plating 
ground layer is unnecessary. 

[0131] Moreover, in the case of djLawingJi and drawin g 12 , after covering the circumference of the aforementioned 
main pole layer 24 by the 2nd insulating layer 56 of an inorganic insulating material, the upper surface of the 
aforementioned main pole layer 24 and the upper surface of the 2nd insulating layer 56 of the above are processed into 
the same flattening side using CMP technology. Then, as shown in the process of drawing 23 , plating formation of the 
yoke layer 35 is carried out in piles on the aforementioned main pole layer 24. At this time, the width-of-face size in 
the direction of the width of recording track of the aforementioned yoke layer 35 may be broader than the width-of- 
face size of the aforementioned main pole layer 24 and the aforementioned main pole layer in the piled-up position. 
Moreover, in this case, it is not necessary to extend the aforementioned main pole layer 24 for a long time, and to form 
it even on the connection layer 25, and the aforementioned main pole layer 24 can be formed by short linear dimension 
so that it may be shown at the time of the drawing 22 process. Moreover, end face section 35b of the aforementioned 
yoke layer 35 is formed in upper surface 25a of the aforementioned connection layer 25 in this case, and end face 
section 35b of the aforementioned yoke layer 35 and the connection layer 25 are connected magnetically. 
[0132] In addition, although the resist layer 61 left behind to the opposed face Hla side rather than front end side 61b 
of the aforementioned omission pattern 61a is formed in respect of the inclined plane which the back end side 61c is 
missing from the upper surface from the undersurface, and becomes deep gradually in the height direction, or the curve 
as shown in drawing_23 This can be attained by using the resist layer 61 which changes the kind of resist layer 61, 
leaves the portion by which exposure development was carried out, and can remove the portion by which exposure 
development is not carried out. Moreover, it can form in the inclined plane or curve side which inclines in the height 
direction (the direction of illustration Y), applying front end side 35a of the aforementioned yoke layer 35 to the upper 
surface from the undersurface by this. 

[0133] The vertical-magnetic-recording head shown in d rawin g 1 according to the above-mentioned process is 
completed. Drawing 24 and drawing 25 are 1 process drawings of the manufacture method of the vertical-magnetic- 
recording head shown in drawing 2 . 

[0134] At the process shown in drawing 24 , the resist layer 62 is formed in upper surface 33a of the aforementioned 
insulating layer 33, upper surface 25a of the connection layer 25, and the whole upper surface 31a of the bottom raising 
layer 3 1, by exposure development, the main pole layer 24 extracts and pattern 62a is formed. The aforementioned 
omission pattern 62a is formed in the height direction (direction of illustration Y) back by short length from 
aforementioned opposed face Hla. And after carrying out plating formation of the main pole layer 24 into the 
aforementioned omission pattern 62a, the aforementioned resist layer 62 is removed. 
[0135] Next, at the process shown in drawing 25 , after forming the resist layer 63 the whole surface on the 
aforementioned main pole layer 24 and an insulating layer 33, the yoke layer 35 extracts in the aforementioned resist 
layer 63, and pattern 63a is formed. In addition, the thickness of the aforementioned resist layer 63 is formed more 
thickly than the thickness of the aforementioned main pole layer 24. Moreover, the aforementioned resist layer 63 
extracts and it is made for front end side 63b of pattern 63a to be located in 24f of back end sides of the 
aforementioned main pole layer 24. Furthermore, the aforementioned omission pattern 63a is formed even on the 
connection layer 25. And plating formation of the yoke layer 35 is carried out into the aforementioned omission pattern 
63a, and the aforementioned resist layer 63 is removed after that. 

[0136] Thereby, the yoke layer 35 with larger thickness than the aforementioned main pole layer 24 can be formed 
from 24f of back end sides of the aforementioned main pole layer 24. Moreover, the aforementioned yoke layer 35 is 
magnetically connected on the aforementioned connection layer 25. In addition, since it is covered with the plating 
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ground layer (not shown) all over the insulating layer 33, it leaves the aforementioned plating ground layer formed in 
^ T<? ^ aforemen * oned main P° le ^ 24, and other plating ground layers aVe removed by etcWng 

Kltr'T ? n P ° le ^ 24 iS alS ° ddeted in Part at mis time > mereb y' wid * of receding 
track Tw of the aforementioned main pole layer 24 becomes narrow, and it becomes possible to manufacture the 
vertical-magnetic-recording head which can respond to ** truck-ization manuiacwre tne 

[0137] Moreover, by this manufacture method, ** truck-ization is realizable, keeping large the height size of the 

S^^^T«f2 C T r 24 ' f 06 ^ ^ P ° le kyer 24 iS 0nly ** (6d) by 1 time of the et <* in 8 P^cess while 
Aeremoval process of the aforementioned platmg ground layer can be managed with 1 time after yoke layer 35 
formation and being able to simplify a manufacturing process. 

H ^ rtical - ma ^ etic - rec °rding head shown in drawing! according to the above-mentioned process is 
completed. The process shown in drawing*) or d rawing 2 8 is 1 process drawing showing the manufacturing process 
of drawing^ and the vertical-magnetic-recording head shown in 4. uu m g process 

[0139] At the process shown in drawing 26 , the resist layer 64 is formed in upper surface 33a of the aforementioned 
insulating ; layer 33, upper surface 25a of the connection layer 25, and the whole upper surfa* " n l Tof the S railing 
^ \ by exposure development, the yoke layer 35 extracts and pattern 64a is formed 8 
MnnW^ ^rt^ ^ SidC 64b ° f thC aforementioned omission pattern 64a is formed in the height 
sSh and l!t t /S 1 *5 a / 0remen ; ioned °PP° sed face Hla. Moreover, although the aforementioned front end 
f n n 6 i b " d backe ° d SldC 64C i fthe r6S1St Iayer 64 left behind amon 8 me aforementioned opposed face Hla are the 
inclined plane which ,s missing from the upper surface from the undersurface, and inclines to the aforementioned 

3°^ ? ^ Sld6> U ! S P ^ Sible t0 by *** indined Plane ' s ^-treating in the aforementioned res st layer 64 
Zt^onl^ 25 8 ^ 6 af ° rementi0ned 0mission P attem 64a * formed even on the aforementioned 

[0141] And plating formation of the yoke layer 35 is carried out into the aforementioned omission pattern 64a, and the 
account resist layer 64 of back to front is removed. Front end side 35a can form the aforementioned yoke layer Ts 
located m the height direction back side rather than the aforementioned opposed face Hla by this Moreover as for the 

upper surface from the undersurface, and inclines to the height direction back. Moreover, as for the exterior angle theta 
between the aforementioned inclined plane 35a and the upper surface, it is desirable that it is 90 degrees or Zfe 
mi^T'' * e aforei ^ entloned ^ke layer 35 has connected magnetically on the aforementioned connection layer 25. 
10142] In addition, after removing the aforementioned resist layer 63, the plating ground layer (not shown) formed in 
portions other than under the aforementioned yoke layer 35 is removed by etching 

fo^eH on X tt a if he 5,°^ in dHBODgiZ , the 4th insulating layer 57 by the inorganic insulating material is 

formed on the aforementioned yoke layer 35 and an insulating layer 33. Polish processing of the 4th insulating layer 57 
Sf^nn f Cam ^ °?u Wlth ? MP tf h™ 10 ^ from M-M line furthermore shown in drawing 27 , and, thereby 
samXen^g C s e id°e ^ ^ 5? ° f "* ** ^ ° f *» Y*^«X « made in the 

!l?i at Pr °°! SS Sh ,° Wn , d™n*28 , the resist layer 65 is formed on the 4th insulating layer 57 of the 
paSSa isfoSiT y ^ 35 ' ±G ^ P ° le ^ 24 eXtoCtS in ^ Mentioned resist layer 65, and 

thetfor^r^ ^f^, ° f ? e aforementioned resi * layer 65 is made smaller than the thickness of 
™nlt? V I i ayCr 35 ' T reOV6r ** aforemen tioned resist layer 65 extracts, and front end side 65b of 

C^clnlX^t 1 / ^ ^T* ^ Same fidd 38 ° PP ° Sed faCe Hla - If the ^figuration of the main pole 
layer 24 can be formed like drawing 3 if it forms even on the same field as the back end side of the yoke layer 35 like 
drawing^ about back end side 65c of the aforementioned omission pattern 65a, and back end side 65c of the 
aforementioned omission pattern 65 is short formed in the opposed face Hla side, the configuration of the 
aforementioned main pole layer 24 can be formed like drawing 4 

[0146] And plating formation of the main pole layer 24 is carried out into the aforementioned omission pattern 26, and 
Ae account resist layer 65 of back to front is removed. Thereby, front end side 24a appears in opposed face Hla, and 
can form the main pole layer 24 with thickness thinner than the yoke layer 35 in piles on the aforementioned yokekyer 

WJ^^-'T^ " . C ° Ver ^ Wi ? ? 6 Plating 8round Iayer (not shown > of me aforementioned main pole layer 
fn tt Zn f * l^f ^ ^ V ? ke layer 35 ' k leaves ^ aforementioned plating ground layeV formed 
in the bottom of the aforementioned main pole layer 24, and other plating ground layers are removed by etching 
i^Fr* ^ afcnmentia^ mam pole layer 24 is also deleted in part at this time, thereby, the width of recording 
track Tw of the aforementioned main pole layer 24 becomes narrow, and it becomes possible to manufacture the 
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vertical-magnetic-recording head which can respond to ** truck-ization. 

[0148] The vertical-magnetic-recording head shown in drawing 3 or drawing 4 according to the above-mentioned 
process is completed. Next, the manufacture method of the vertical-magnetic-recording head shown in drawi ng^ is 
explained using process drawing of drawing 29 or drawin g 32 . 

[0149] At the process shown in drawing 29 , the resist layer 66 is formed in upper surface 33a of the aforementioned 
insulating layer 33, upper surface 25a of the connection layer 25, and the whole upper surface 31a of the bottom raising 
layer 31, by exposure development, the main pole layer 24 extracts and pattern 66a is formed. The aforementioned 
omission pattern 66a is formed in the height direction (direction of illustration Y) back by short length from 
aforementioned opposed face HI a. And after carrying out plating formation of the main pole layer 24 into the 
aforementioned omission pattern 66a, the aforementioned resist layer 66 is removed. In addition, since it is covered 
with the plating ground layer (not shown) all over the insulating layer 33, it leaves the aforementioned plating ground 
layer formed in the bottom of the aforementioned main pole layer 24, and other plating ground layers are removed by 
etching. Although the aforementioned main pole layer 24 is also deleted in part at this time, thereby, the width of 
recording track Tw of the aforementioned main pole layer 24 becomes narrow, and it becomes possible to manufacture 
the vertical-magnetic-recording head which can respond to ** truck-ization. 

[0150] Next, at the process shown in drawi ng 30 , the 3rd insulating layer 58 of the thin thickness by inorganic 
insulating materials, such as aluminum 203 and Si02, is formed in the whole surface on the aforementioned main pole 
layer 24 and an insulating layer 33. 

[0151] Next, at the process shown in drawing 31 , using a resist layer (not shown), a part of 3rd insulating layer 58 of 
the above is removed, and Holes 58a and 58b are formed. One aforementioned hole 58a is formed on end face section 
24b of the aforementioned main pole layer 24. Moreover, hole 58b of another side is formed on the connection layer 
25. 

[0152] Next, at the process shown in drawing 32 , the resist layer 67 of thickness thicker than the aforementioned main 
pole layer 24 is formed on the 3rd insulating layer 58 of the above, the yoke layer 35 extracts in the aforementioned 
resist layer 67, and pattern 67a is formed by exposure development. 

[0153] As shown in drawing 32 , front end side 67b of the aforementioned omission pattern 67a is formed in the height 
direction back side rather than opposed face HI a, and the aforementioned omission pattern 67a is extended and formed 
even on the aforementioned connection layer 25. 

[0154] In addition, although the resist layer 67 left behind to the opposed face Hla side rather than front end side 67b 
of the aforementioned omission pattern 67a is formed in respect of the inclined plane which the back end side 67c is 
missing from the upper surface from an inferior surface of tongue, and becomes deep gradually in the height direction, 
or the curve as shown in drawing 32 This can be attained by using the resist layer 67 which changes the kind of resist 
layer 67, leaves the portion by which exposure development was carried out, and can remove the portion by which 
exposure development is not carried out. 

[01 55] And plating formation of the yoke layer 35 is carried out into the aforementioned omission pattern 67a, and the 
aforementioned resist layer 67 is removed. Thereby, the aforementioned front end side 35a is located in the height 
direction back side, and can form the yoke layer 35 with thickness thicker than the aforementioned main pole layer 24. 
[0156] In addition, the aforementioned yoke layer 35 is magnetically connected like drawing 32 , respectively on end 
face section 24b of the aforementioned main pole layer 24, and the connection layer 25. Moreover, after removing the 
aforementioned resist layer 67, the plating ground layer (not shown) formed in portions other than under the 
aforementioned yoke layer 35 is removed by etching. Since the upper surface of the aforementioned main pole layer 24 
is protected by the 3rd insulating layer 58 at this time, it is avoidable that the aforementioned main pole layer 24 is 
deleted at the aforementioned etching process. 

[0157] The vertical-magnetic-recording head shown in drawing 5 according to the above-mentioned process is 
completed. Next, the manufacture method of the vertical-magnetic-recording head shown in drawin g^ is explained 
using drawing 33 and drawing 34 . 

[0158] At the process shown in drawing 33 , the resist layer 68 is formed in upper surface 33a of the aforementioned 
insulating layer 33, upper surface 25a of the connection layer 25, and the whole upper surface 31a of the bottom raising 
layer 31, by exposure development, the magnetic material layer 69 extracts and pattern 68a is formed. As shown in 
drawing 33 , front end side 68b of the aforementioned omission pattern 68a is formed on the same field as the 
aforementioned opposed face Hla, and the aforementioned omission pattern 68a is extended and formed even on the 
aforementioned connection layer 25. 

[01 59] And plating formation of the magnetic material layer 69 is carried out into the aforementioned omission pattern 
68a, and the aforementioned resist layer 68 is removed. In addition, since it is covered with the plating ground layer 
(not shown) all over the insulating layer 33, it leaves the aforementioned plating ground layer formed in the bottom of 
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the aforementioned magnetic material layer 69, and other plating ground layers are removed by etching. 
[0160] As shown in drawing 33 , the front end side 69a appeared in the aforementioned opposed face HI a, and end 
face section 69b will be magnetically connected by the aforementioned magnetic material layer 69 on the 
aforementioned connection layer 25. 

[0161] Next, at the process shown in drawing 34 , the resist layer 70 is formed on the aforementioned magnetic 
material layer 69, on the front of the aforementioned magnetic material layer 69, it extracts for main pole layer 24 
formation, and pattern 70a is formed by exposure development. 

[0162] Next, a part of magnetic material layer 69 exposed under the aforementioned omission pattern 70a is removed 
by etching (dotted-line portion). The thickness of the magnetic material layer 69 left behind by this to the bottom of the 
aforementioned omission pattern 70a becomes thin, this portion serves as the main pole layer 24, it does not 
********** bm it b ecomes ^ yoke layer 35 and ^ vertical-magnetic-recording head of drawing 6 with which the 
aforementioned main pole layer 24 and the yoke layer 35 were united completes the thick magnetic material layer 69 of 
thickness. In addition, since plating ground layers other than under the magnetic material layer 69 are beforehand 
removed after forming the thick magnetic material layer 69 of thickness by this manufacture method, the thing for 
which a manufacturing process is simplified - the 3rd insulating layer 58 for protecting the aforementioned main pole 
layer 24 so that the main pole layer 24 may not be deleted at the etching process of yoke layer 35 formation like the 
manufacturing process of drawing 2.9 or drawing 32 is unnecessary - is possible, for example. 
[0163] The width of recording track Tw of the aforementioned main pole layer 24 can be made small by etching at the 
time of being able to form the aforementioned main pole layer 24 with a sufficient pattern precision, and removing a 
plating ground layer by any above-mentioned manufacture method, since the aforementioned main pole layer 24 can be 
formed on a flattening side, and the vertical-magnetic-recording head which can respond to ** truck-ization 
accompanying a raise in future recording density can be manufactured. 

[0164] Moreover, at the process shown in drawing 22 or drawin g 32 , since the main pole layer 24 and the yoke layer 
35 can be formed at another process, thickness at the time of the aforementioned yoke layer 35 formation is made 
thicker than the thickness at the time of main pole layer 24 formation, and the thickness of the aforementioned yoke 
layer 3 5 can be easily formed greatly rather than the thickness of the main pole layer 24. Moreover, if the manufacture 
method of this invention is used when really forming the main pole layer 24 and the yoke layer 35, as shown in 
drawing 33 and 34, thickness of the aforementioned yoke layer 35 can be made thicker than the thickness of the 
aforementioned main pole layer 24. 

[0165] Furthermore by manufacturing at a separate process, the aforementioned main pole layer 24 and the yoke layer 
35 The width of recording track Tw of the main pole layer 24 can be set up as a thing different from the width-of-face 
size of the aforementioned yoke layer 35. Since the aforementioned yoke layer 35 can be freely formed in the position 
near opposed face HI a in the case of the structure of piling up the main pole layer 24 and the yoke layer 35 by the 
upper and lower sides like especially drawin g.! , and 3 and 4, The linear dimension to the height direction of the 
aforementioned main pole layer 24 can be formed for a long time conventionally, it is the predetermined width of 
recording track Tw, and moreover, it varies in a configuration and the aforementioned main pole layer 24 can be 
formed that there is nothing. 

[0166] Although the manufacture method of the vertical-magnetic-recording head shown in drawing 1 or drawing 6 as 
mentioned above was explained, below, the formation method of front end side 24a of the aforementioned main pole 
layer 24 in this invention is explained. Although drawing 35 or drawin g 37 is front view and being typically explained 
using the manufacturing process ( drawing 22 ) of the vertical-magnetic-recording head of drawing 1 , it is applicable 
to any manufacturing process of drawing. 2 or the vertical-magnetic-recording head of dr awing 6 . 
[0167] Drawing.35 is the partial front view of the vertical-magnetic-recording head at the time of the manufacturing 
process shown in drawing 22 . At the process shown in drawing 22 , after forming the plating ground layer 71 of the 
aforementioned main pole layer 24, the resist layer 60 is formed on this. 

[0168] Next, it extracts for main pole layer 24 formation by exposure development in the aforementioned resist layer 
60, and pattern 60a is formed. Then, it heat-treats and the inside end face of the aforementioned resist layer 60 is 
produced for whom (see the dotted line). Thereby, the inside end face of the aforementioned omission pattern 60a turns 
mto the inclined plane or curve side where it applies to the upper surface from an inferior surface of tongue, and the 
width-of-face size of the direction of the width of recording track (the direction of illustration X) spreads. 
[0169] And like the process shown in drawing 36 , plating formation of the main pole layer 24 is carried out into the 
aforementioned omission pattern 60a, and the aforementioned resist layer 60 is removed. The state is drawin g 37 , and 
as shown in drawing!! , the inclined plane or curve side where it applies to the upper surface from an inferior surface 
of tongue, and a width-of-face size spreads the both-sides side sides 24g and 24g of the direction of the width of 
recording track of the aforementioned main pole layer 24 is formed. 
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[0170] Next, plating ground layers 71 other than plating ground layer 71 formed in the aforementioned main pole layer 
24 bottom are removed in anisotropic etching. In addition, as for the aforementioned etching angle, it is desirable to 
lean before and after 70 degrees at 45 degrees or more to a perpendicular direction. Unnecessary plating ground layer 
71a is removed by this etching process. Moreover, the main pole layer 24 is also deleted in part according to the 
aforementioned etching process. 

[0171] As shown in drawin g 37 , by deleting the both-sides side sides 24g and 24g of the aforementioned main pole 
layer 24, the width of recording track Tw regulated with the width-of-face size of the upper surface of the 
aforementioned main pole layer 24 becomes small (a dotted line shows), and can manufacture the vertical-magnetic- 
recording head which can respond to ** truck-ization. 

[0172] In addition, since it extends a little to the circumference under the aforementioned main pole layer 24 and the 
aforementioned plating ground layer 71 may be left behind when nonmagnetic, for example, metallic materials, such as 
Cu, is used for the aforementioned plating ground layer 71, etching control can be simplified compared with the case 
where a magnetic metallic material is used for the aforementioned plating ground layer 71 . 

[0173] Moreover, there is also a method of not using drawing 35 and a resist layer 60 like drawing 36 at the time of 
formation of the aforementioned main pole layer 24. This forms the layer of an inorganic insulating material on the 
aforementioned plating ground layer 71, after forming the aforementioned plating ground layer 71 with non-magnetic 
metal material. The resist layer in which the predetermined interval was furthermore vacated on the layer of the 
aforementioned inorganic insulating material is formed, and etching removes the layer of the aforementioned inorganic 
insulating material exposed out of the aforementioned interval. The both-sides end face of the direction of the width of 
recording track in the removed space is formed in the configuration in which it applies to the upper surface from an 
inferior surface of tongue, and a width-of-face size spreads, and carries out plating formation of the main pole layer 24 
into this space. It is possible to form the main pole layer 24 in which the inclined plane or curve side where this is 
missing from the upper surface from an inferior surface of tongue the both-sides side sides 24g and 24g of the direction 
of the width of recording track, and a width-of-face size spreads was formed. 

[0174] In addition, in this invention, the inclined plane which can keep setting to the height direction back rather than 
the aforementioned opposed face, and is shown in the inner end face of the both sides of a pattern at drawing 36 that 
the aforementioned resist layer 60 should just be formed so that it may spread at least as the inside width method of the 
direction of the width of recording track in the aforementioned opposed face Hla separates from the aforementioned 
auxiliary magnetic pole layer 21 does not need to be formed. 

[0175] Moreover, with the operation gestalt shown in drawing 1 or drawing 6 , although read station HR is formed, this 

does not need to be formed. 

[0176] 

[Effect of the Invention] as mentioned above, by this invention, since a main pole layer is formed on the field by which 
flattening was carried out, the pattern precision at the time of forming the aforementioned main pole layer is improved 
— it can make — the aforementioned main pole layer — especially a front end side can be formed correctly and easily by 
the minute width of recording track Tw Therefore, in this invention, it can respond to ** truck-ization appropriately, 
and it is possible to manufacture the vertical-magnetic-recording head which can respond to future high recording 
density-ization. 

[0177] Moreover, in this invention, the thickness of a yoke layer can be formed more thickly than the thickness of a 
main pole layer, and the aforementioned yoke layer which has the cross section larger enough than the front end side of 
the aforementioned main pole layer can be formed. Therefore, a record magnetic field can be drawn suitable for the 
aforementioned main pole layer from the aforementioned yoke layer, and the passage efficiency of magnetic flux 
becomes good and can improve an over- writing property. 

[0178] By moreover, the thing for which a main pole layer and a yoke layer are formed separately, and the 
aforementioned yoke layer is laid on top of the aforementioned main pole layer top or the bottom Since it becomes 
possible to bring the aforementioned yoke layer close freely and to form it in an opposed face side with a record 
medium even if it forms the field of **** formed by the width of recording track Tw of the aforementioned main pole 
layer for a long time While being able to aim at concentration of magnetic flux, it becomes possible for pattern 
precision to be good and to form the aforementioned main pole layer by the predetermined width of recording track 
Tw. 

[0179] Furthermore, by this invention, though the side side of the front end side of a main pole layer serves as the 
inclined plane or curve side where the width-of-face size to the direction of the width of recording track spreads 
towards the upper surface from the inferior surface of tongue and produces an angle of skew by this at the time of 
record, it can prevent fringing, and it can aim at improvement in an off-track performance. 
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HtiEa-^llfeBtiEilfeiSllifc^^n, ^cosfriS®^ 
mttmum<z>W:i%ffiizm.m.m\zmmi<. sues-v-h 
comt^^mmmm.m±izm^.m iz&m. l-t ^* & ©t- 

[0 0 2 8] Sfc«*^HJT-«« HtEttft® J: D fcAflJ 

b^e 3 - ^ g «5paft $ nfc su E*6^e © ± fcffM £ 

tl, SSSgP^HfFE^BitcamWSc^^L. £fcguE 
3 - Z « ©BuSfg® i: euE^f fa® nfl ic teffl 4 CD^g «t« 
j&£n, C©^4CD«feiBiB©±®i|frE3-^)l±®« 
¥±S{t£*iT*5 0, Bta^B^. HfFE¥S{t®±T-ffrE 
3-^ll£fi;teSnT^/£$nT^&fc<DT&-5,, CO 

*Mffi^J3 H 3 *3 £ uqg 4 t & ^ 
[0 0 2 9] ^^>Vi«*:%BJT«, ituEttft® <£ 9 fell 

n, ¥^t^nfeBuE*e^g±tcatt^s^fig$ 
n. HfjEaitM)N-BHBfrE*f(^®^e>/'N-i' h^fttcftw- 
x $ T-j^fiX s n z> mjjmm t fit mwi^M ©sa 

tsn. mrE^^rW^coS^gp^HuE^MBtc^Mlc 

JgS^tl. BUEBU^M^W^ff«HffEft^«^©fltW(C 

it-^T»<^$n. BtrEBtf^^HfrEHHBSlsgtTS 

[0 0 3 0] fitfEXi&McDXSifcte 
T(cS;ta£n;tfitiE3-^ll^fitEfit3Sffite. BtE^a 

^ ft® TffM £ tlT -5 C <fc Atjtf £ L- 
[0 0 3 1] $e>(C*^0JTtt. BtE3E5HMB<75BuEHU 
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[0 0 3 2] ^(C^B^fC^H-SSittaaE^^^ Fro 
(a) iKttM^T-ffll*mii(l$^-r-5IS<t< (b) 

ttjid.ffiBtommm±.\z&mTi&m zn- lt n -r jvm 

WEn-i'JHl±*iSi6»(l-eils6-5ISt. 
(c) iiuE^BwJiffiS-Hijr), fiuE£6ill§iX® <hfiuE 

io s^b±®*iwi— Btt^igt, (d) mmmmmi. 
mum & <=. mn z> \z l tz # -d t & & # /t^ - > £ ttr 

El/^X hBtc^-T^ISt, (e) HuEtfe^/1^- 

l^*-r^»X^<i:, ( f ) iE£WIJ;i5 fe*^^© 
l/v'X MlSrfltE£aHJl±75^HlrE^g±(C75HtT 
®J£U huEI/^X hgfCHuiS®^, SfiE*tlfi]® Jc 0 
*#Jtc-(4:g-r -5 3 - S - > &tuE±«EffiH 

20 .LfCfl^U $.-g>t,^iHuE^MIl±T*oTBllE^M 

?->fKUZ3-?m$:*y*m!$.Lf^ ItrEl/vX h 

[0 0 3 3] iiE«©jt^ffi{-J;(9> iU5lHii2 

[0 0 3 4] £fctt*fiBJ3Tte. tuE (f) xmizR^ 

(g) BtE±M)i»^H{c^2co$feM)i$:^U. tu 

Em 2 <r>m&.m <o±m t m^mmm ®x® t * i^— ® 

30 llrMTSIgt, (h) StE^MJlJcO fcS^H 

±.\zfrttTWfcv. mmuitx hdtctfiig®^. Bfris*f 

|p]®<fc 0 jKBiJicfeS-T^ 3 — i7B©tfe#A°^- >^tff 
E3£M@*5J;^2co*6^)iX(c^L, BtE^#/'? 

[0 0 3 5] CWSSit^-ffiiciOEl 1 1 *5<ktjqi| 1 2 \z 

[0 0 3 6] */ttt*^BjTr«. StE (f) Xg(Cf^^ 
40 Tjy.TOXgSr^-r^fcWT-SoTfciVio 

( i ) mttt&Mm±frt>ifiBimmm±.izfrVTf53 <d 

m<Dm^±izmf$.^nrz^mm 3 nmrnmiz -xm^m 
fiX-r^xgi:. (k) m%i%i3(Dmmm±.\zmm3i&M 

*». fuE»(6]®J;D : £)ftffiic©BT-53-i7)lw^#/t 
^->*0fi£L. BUES^/N*^->l*3(C3-i7Jl$^-y 

[0 0 3 7] C<D^jfi^ffiiCJ:0E15(C^-rSia^E 
50 m^\y H^SSifr-Sdi^T'^S. Sfe*^BJT'«> it 
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E (d) Xgfcl^L (f) iSKftxX, J£TF©X@£ 

(i) i*aeieiwi±»ci^>?xhii*»^u. vmww. 

mi!2*f[6lffl<t 0 3-^B <D&L%rt5>- 

tfUVtzik, HulEl/vX hB£l$£T-5Xfii:. (m) su 
fEs-^BX&J^llulEii&iiBXfc. gr7c(cSfS4»*&» 
BfHB^4©^@«r^J-DT, ftfJHEf?5 4 

»e (?) _hM i MiH a - ? m o ±m * m -a <t -r £ m 
turns- trm£o>bm*mm<DUi?7> bmz&mv. m 

BH3-^B«buS® J: 0 fe^|6j®ffliJtc-(4B-r^mIfH^4 
cd^B±©UvX HB/5 i biiuf£3-^B±»U'v ! X h 
BfC^ttXXmffiB«ft#/N°^->£^j£T3Xg£:. 
(o) ii5fEfti*A°^->fiiCXMB£* y^/£Lfe 

[0038] ^ oimmii mz £ vm 3 r£fr\tm 4 iz^-t 

[0 0 3 9] &3i^tt*?SBJ3Xtt. mflE (d) IS&H 
L (f) IglCftiTttTOIg^tt OTS. o X 

(p) msi^um±Rzsmmm±i,zu^x hm^m®. 
itt, (q) mmtk%^?->\*i\zm®ittmmz*v 

(r) tfffEB£14*mB_hicl/vX hB£^fiKU B^St 

w 6 m m l su mmwittmm © -§p £ l xsn jp £ 

[0 0 4 0] C<Z)^jg^ffitCj;DE16 (C^-rSHaMIE 
[0 0 4 1] 

mwommoBM) m i «*%bj<©^ i mmmmcom 
[0042] mi izxk-rmw.mmm'w Fummm 

[0 0 4 3] liulEiEliM«#:Mtt^ X^tKX&D. -^CD 

&mzmmmt<D&i,v\- him F^tca^u&i 

[0 0 4 4] HrJlE^jfiffiS»fE^^-y HHcDX^-f ^ 1 1 
ttA 1 2 0 3 • T i CUE<D^^y cmn^B^tiX 
lfflMWl 1 a^'BtFlEiE^^MtC 
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X7-fyi l^*fE»!«^M(7)^®^^??±b. SfcttX 

itfm&<&WM\zmmTz>. gm-ij^xx^ 
-ryi i {c*fr-2.iE^<«^MCD^i!i^(p]ttii^z*io]x 

^itaMIE^-y FHttX5-ry 1 1 cd h I/— U 
> ^fflSffi tc 1$ It £ *l X t» £ „ 

[0045] Htrtsx y i i wfflK® 1 1 b ictt. a 

15 4»{S^nt. £CD#M&14ii&itB5 4<7)±tCi|I& 

ogPH^^^nx^.g.. 

10 [0 0 4 6] itufEtt^OgfiHHte. T^6TSP->-JU 

h'i5 2, ^ty^iss, mm.mK$)i$kmT 5 3 . * 

f5 3ll S^ttmMfita^ (AMR) E±S& 
^Jgin^jS (GMR) h>^;U^mMJSta^* 
(TMR) HH^t£'X&£<. 

[0 0 4 7] afffEXgPv— ;i/ FJf 5 1 ©Xtctt, A 1 2 

o 3 */c«s i o^^<DMmumiz^^$m^mmm 1 
2^^$nx. BuiE#«tt^Ji i 2<D±iz^m<D 
mm.mvmmt&mim'w HH^ttsnx^?,. 

Sita&Uffifi'ss/ FH©IE»«#<fc©>iafclffiH 1 a tt. 
HufEX^-r^l l«*tl«J®l 1 aiSlffl-lT*5, 

[0 0 4 8] HfffiSiSiK^Eft^y KHTtt, A-7D 
-f (Ni-Fe) fc£©3§HBtttt*W;*s/*snTjfcS& 

mmm 2 1 ^^$nxv^MiE^tt«6i»g 12 a, 
Wisimmmmm 2 iot (*stabffl£B2 ltx^^i 
1 ©fflss® 1 1 b torn) 43 .ktffftetitg&ffiSJB 2 1 o 
wBtc^^nx^i-5. f Lta 1 ic^x^^ic mm 
30 asaiH 2 1 <nmm (±m) 2 1 a t.mmm^.mmm 1 

2©SI (±ffi) 1 2 a ©spffiitC'KBLXi/i 

-So 

[0 0 4 9] 01 CSti^lC, BufE*f[6]®H laiO 
(/N-f h^rfil. 0*Y^f6]) X«. KTEfttlftttK 
H 2 1 »S® 2 1a ±(CN i — F e 2 5 

[0 0 5 0] HfFfESMB2 5®«ffliC^ViX. MSEIflib 
MB 2 1 <DJ&W 2 1a ^cbtXmiSE^SStt^B 1 2 CO 

sin axtc> a i z o 3 tznco#m&%mm 2 6 AW 

40 fi£$tlX> u©«tt»12 60±t;CuSffflft 
;UB 2 7 tt 7 I/- A ^ y ^j* ETBffi. 2 tlfc fefflTS 

mmmzrt?—>Bf%ztiT^z>o n-f ;ub2 7 
f^wwasttss 2 7 a±»cnrai;< cuftt'cmttt 

*4X®)$$nfc/£±ttB3 UWEMdcSnT^S. 
[0 0 5 1] HfffE3-rJl/B2 7*3«tOfJi£±tfB3 1 tt, 

bttnfciicDmmttnommm 3 2 x«i$nx 

*3 0, SSl:»I13 3Xlbnt^ 0 
50 [0 0 5 2] HfffE^B 3 3 ttiiiW^Xi^Sn 
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5C^ffib<, ttE*«lfc*»»iLTtt, Al 
O, A 1 2 0 3 , S i O z > T a 2 O s > T i O. A1N, 
AlSiN, TiN, SiN, Si 3 N 4 , N i O, W 
O, W0 3 , BN, CrN, Si ON©5^>&< £ t> 

[0 0 5 3] tbTltHMIli2 5 0<iB (±H) 2 5 
a, Ji£±tfJS3 lCO^ffi (±M) 3 1a, ^ct^jftH 

3 3(Z)gI (_hM) 3 3aH ffitfcZ «fc 5 f^JPX 

CMP (y^#;i/ • *jj~ti)V • *u 

[0 0 5 4] ClOlBlSlBSIIWIBTtt, TOEIfe»«3 3 0!) 
±fc, ±1112 4rfMtii2nT&r). I9IS±»SB 2 

4 ©i& SfflS 2 4 a te, iu!B*f[SjffiH 1 a t^— ®££n 
Tt^o *fcHrS5*«a«2 4©SJH«2 4 bttKffEl* 
^J12 5CD±®2 5 a±t»«StlTl«»i:*«*ft 

[0 0 5 5] 01 tC^Ti: -5 tc, SufS^aM/i 2 4 CD± 
fctt, N i F e 3 — ^13 5^1*i6ftT» 
tfSftt^-B. ^/c«fffB3-i7B3 5<7)ftiS® 3 5 a 

tufiaffiSlil 3WtdJffi»bT*5 0. *f|pJ®Hl aiztxm 

[0 0 5 6] a:i*««Tttl»B3-^l3 5 
2te, 2 4 OIHH 1 J; 0 < M^n^o 

[0 0 5 7] £fcfuiE3-^|f 3 SCOftuS® 3 5 ate, 

IW*ffl**vMi»iiiiT»*snTi^. fftE3-*Ji 
3 5<D±\zM&Ztl2>ttBmm2 4CDTSimjfH3-^ 
13 5C7)Hfjiffl®3 5 aB©^fltt9 0° U_hT&£;i 
t«**fiUK dntrctoTWE3£BSa« 2 4 36^61915 

iI2 4(C^0a#^*4 J $-&^Cch^T^^^^Tfe 

[0058] Sita 1 kst J: o \z. mm±tfm 3 1 

CD^ffi3 1 aC«U"F13 6 7WBjS<**U U— FJ13 
6^£liufajfiUitfJf 3 li3<fctfzK ;Wi2 7 fcfS^ttSS 

te, WfS£fiS88^2 4*>J;tf3-^)l3 5iRC»»T 
»JGKT€T, *5«t«ili|2 4*5<fctf3 — i7Ji3 5 <t U 
-FI36S, nHHC^y+TWrt-rssii^lET* 
§o *lt, WC3-^B3 5*ck««ff|BU-H*3 6 
**I9IE««» 1 3 CBtonT^*. 

[0059] Hitc^"rsiaaswB»^^H*K±*^ 
at (^ep^iri) ¥®mte, 0y*«eii o<o«t5^s 

n^ 0 HI Oco^ffigliC^-rcJ:^^, i!HiIM2 4 

a. miss 2 4a ©±a i^mmm 24©hu-u>y 

2 4c^M$m^o ^AcCC0Su^m^2 4 COS 
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S8*>Stt«*««2 4d«$nt*0, ffirE&ftSftl 

[0 0 6 0] El 0\z^T<ko\ZmmB-?m3 5WU 
ffiE£tt&S2 4 0&3HSI1A2 4d±^fita&nT»J5!E 
Stlt^*. SfJfE3-^/i3 5tt, /W h*|6j»#fc:|6j 

[0 0 6 1 ] &45*§REWXtt, mfI5*f^ffiHl a icBtB 
10 2 4 CDfuSffi® 2 4a ftufaffiKjfi&M 

12 lcofj$SS2 1 b©ffiai^fc^f^C<h«S 
T, ffilAKHl OC^tcfc^C, *SS*fi&@B2 icoh^ 
yJBJlfilcoBtaWrH, MEH7 7^fiTwJ:tlt) 

[0 0 6 2] 1 0 fC^-T»«tt— ' MKl»€r?\ * 

RWTIi, HUfH3-^(l 3 5 £fufa*fft®H 1 a £W 

ffiJH 2 4 cDHuSffi 2 4a OSSt^ 0 t>*# < ftn««k 

20 

[0 0 6 3] fcfcl@10i:^«igT11 flME3-* 

13 5 0) h^ypmJJlft <H*X*|rI) ^CDBTl-ffife, 

tuia^^ffis 2 4 o&aasc« 2 4 a tcd h 5 y ^ i^fa 
jSTsctjwasi^. tfjia^affiH2 4^13 3 

ffl^KHlCcfcO. Suias — ^13 5^iiSB2 4 £D 

->»«^fiTb, WE3-*li3 5*J^J§M*T»B 
\ZMf&^%U\,*m&tf&&fr*>T~foZ>o 
30 [0 0 6 4] fc^LWAKH 1 1 (jEHH) \Z7fk-r^v 

H«lC«rfcfc»2 0|ft»»5 6, 5 6^Wl, CMP 
ft*&(!:*ffl^TltEiWli2 4©±I2 4 e £iuE 

2 5 6CQ_hffi5 6 a <h JilCjJPI 

U -€-0)±«CHrE3 — ^»3 5*«JBR-r*»^ 012 
(¥MEI) ICSrTcfc^fC, Iufa3-^J13 5£, ^G&S 
IS 2 4 CO h ^ ?/ ^«#|fii|<Z>fr+ffiJ: 0 fc^ffllT^ 
-T^^t^nltt^ft:*. Itlia^ffiB 2 4 

0±ffi 24e^2 COiffi^B 5 6 (D±M 5 6a t 

40 £¥fiftsftT^*::£T, ^ojitc^^n^s— ^ 

13 5 ^/^->»S^<Mt§:i^f§ e 

[0 0 6 5] ttisffirffi* 2 oiKIU 5 6 »MtKI6lk4sM4 

tt, A 1 O, A 1 2 0 3 > S i 0 2 , Ta 2 O s , T i O, 
A 1 N> AlSiN, T i N, SiN, Si 3 N 4 , N i 
O, WO, W0 3 > BN, C r N, Si ONCDo^'PU 

[0066] i iz^k-rmffiMMT'te. mmnmm 
12 4^wE«iaBH i afrt>mmmm2 5±i:st 

50 ®^nTM$nx^§*, 0J;U£i»E^BlSJf 2 4 



13 

[0 0 6 7] ME^ag)12 4©Jlffl{c0 

1 1 \Zm-?%i2<D®ffiM5 6£Bf£U C©_LfC3-;7 
I3 5€M«. ££lffliE3S2©tejWB5 6tCfi, hu 

-^g3 5$/7+f(SlT. mffH3-^B3 5 ijgiffi 
M 2 5 t£aa««t2t5. 

[0068] Ei2«. ifmn\z&tfz>w,2m:M.wm(nm 

[0 0 6 9] m 1 iCOffiit-Stt. ilg!2 4 43 J: 3 

tfwim.-z.mmm 2 4 ©fli«H 3 <t 0 js < s nx ^ & 

1112 4©f£S$DS2 4 f ri>e.ffr!E3-^Jf 3 5©Sfiig 
135 a^i^MCML, JttlfE3 -^11 3 5*»/Vf h 

^LTBfifH3-^)13 5©S$Sg|$3 5 b #fflft£&IftJR 2 
5©±®2 5 a»C»fliSn«SlW»:»l**tlfc«IBt:fe 

[0 0 7 0] 0 1 3te0 2©SjfiE8^fE@'\5/ K©¥ffi 
iT*5. ]|ffIE£l&ffiJi 2 4 tt, ituJS® 2 4 a ©_kffi 

(zmmm 2 4 © hu- u >^fly©®) ©f-^y^i* 

^♦iW^T^fiX^nTVi-s. f«£*30i 3tc^-TJ;e> 
iC, HfjlE^ffili 2 4 (C«/W h^|Sj^(C|6]^T h 5 

[0 0 7 1] SfllBifiSaJl 2 4 ©f£$&® 24 f ^SttKf 
123-^)13 5«3m*0, BfHH3-^)B3 5li 

^CWt/E^oT^^tlTl/i-S. 

[0072] fr^s 1 3 izTx-t&m-i— mizm^-r. * 

^IBT'ii, HtrSS3-^S3 5 £ifraE*t[6]fflH 1 atTff 

M©buSS®2 4 a©ffl»«fc9fc±i*<&nfcfJ;^. 
[0 0 7 3] H3tt*aEWtC*W-6ffi3^je®JBOSifi[ 

[0 0 7 4] BltfflffiMli. ^»SB2 4*«tOC3 
-^13 5 ©*iS»C**. ^©HWiTfc3-^I3 

5 ommn 6 «MBa£ssM 2 4 commH 5 tcit^T* 
«<4oths««. HfjE3-^)i3 5\mmmmm3 3 

©±»=»fiR$n, MIB3-^B3 5©S5SS|53 5 b teltff 
IE&8e)I2 5©±®2 5 afc«S[Wfc:SE|*3nTti*. 

[0 0 7 5] £fct&lE3— ^113 5©ffrSg®3 5 ate, 
Tffi*^±®tC[6]ttTHuia*t(p]ffiH 1 a (CificK <fi£4® 
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fcSUte^ttffiT^fiJ<:£*lTI/>-5. Huia3-i7@3 5© 

±K»jssn*£«siB 2 4 ©t®£ ttn£3-*8 3 5 

©Btf«® 3 5a mv>n-& eii90° iJLhT'&3 £1 1 

sui^o rn{c«toTmfe^iSffie2 4^5,BffC3-^ 
n 3 5 izfatfTMnzMR&otK X'^mw.z.mmm 2 

[0 0 7 6] 0 31:^^):, iitJlS3 — i?J13 5©J1 
Hte, itfj:i4roftSl5 7(aoTi*?.nT^ 
5. ^C*3E!3(C^TJ;ptC3-i7)13 5©huSS®3 5 a 
10 .fcOMlfilSHl a#JttHtrSH^4©$fe»«5 7(CioTlS 
s6 6 n, mlfE^ 4 ©ifcggiJf 5 7 ^mffH*ffp]® H la*6 
Sn*. *SSUm*. HflSt! 4 ©*fe»H 5 7©_L®<hi!tJ 
HH3-i7/13 5©±ffiteCMP&W&££fflV>T¥fi{t: 

[0 0 7 7] ffflEMS 4 ©SfeiRJl 5 7 te&«M6ft*m-CJB 

AlO, A 1 2 0 3 . S i 0 2 , Ta 2 0 5 > TiO, A 1 
N, A 1 S i N, T i N. S i N, Si 3 N 4 > N i O, 
WO, W0 3 , BN, CrN, S i ON©5Wi< <t 

20 fc lmai-t&mtR-vzz. 

[0078] *LT*5£WT?teMU¥&t2tiizmmm 
4©iii5 7±*^3-^ji3 5 ±izfrtfT ^mmm 

2 4))«$nT^5, 

[0 0 7 9] El 1 4 3 tcSTSltaafE^^-y K© 
El 1 4('^-r=fce>{C. flffIH3-^)13 5 
te. h7yfi*^0«1-8^I< 3nfcfill0©«r:# 

30 [0 0 8 0] ^*3buKbm*M« 35cfflh7 vZWJifo 
^©te^J-ftte, H5y^«TwJ;!3t)*$<»iiRSnT 

[0 0 8 1] 0 1 4{C^t-Jc^tC. tfraE£4 0>*gf*J|5 

7±^bmiiB3-i7@3 5 ±iztfnxmfS.^nr^mm 

12 4H ffiiQm 2 4a *««TEJ#|RlffiH 1 a KUgft. M 
aEMlfgffi 2 4a ©_Lffite h v V ^*ITwX-^i$$nTVi 
iE$I«2 4tt, BftIBBtiSg®2 4 aj&^A-f h 

«J£TjeriE$nfcStr*««2 4ci, tuiSHU*M^2 4 
40 c ^ b/W h^lP]^^(n]ttT h77 i"til©^-fe^$r;fc 
MfCj£*^^MtS2 4 d tTTOsSESnx^S. 
[0 0 8 2] /«C*301 4JC^T^tt— #lJ(Cil#*T. * 

^BJT-te, Bf)iH3-^« 3 5 £ffrfE*ffS]®H 1 a 

«H©«rSgffi 2 4a ©®«J: 0 fc*^ < «:n««kli. 

[0 0 8 3] 0>j^tt'sfifE3-^ 3 5 tzmm<om^mm 3 

5cttM^tlf, »*««3 5d©*TJ»l«SnTH 
Tt>J:v>U Sfc±«iI2 4CS, 

50 E*^sMt2 4d«$nf. — jauftR-essn 
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[0084] H4 \z*$£w\zi$ tt&m 4 ^Mmm&mm 

[0 0 8 5] B3t©itWJiBfii 2 4 3^«HEJ*fillB 

[0086] hi s\tm4\z^mmmmMm^y f© 

¥MBT»4. Ell 5{C^"TJ:5(^ -Mr££fiftfilB2 4 
tt, ME3-£-J13 5co±®<h|^— ¥fiB{:^nfcS4 

0O|fe^B5 7_t^£itffE3 — i/I3 5±(C*^tT@Vift 

s«*nti^. ttiEi8si2 4tt, -t^aaaaH 
«Tw-e»jEKsn, £©iBTfte£«oT**W4£©iH 

S^tm^o H 1 5C^t3-^i3 5iC*4g] 1 A\Z 

st* <fc 5 fe*MBo«r*flR« 3 5 c*«$nr^&^ 
~^££nT^Tfc*>S:b&v>o Hi 5Ti4fyE3 — 

[0 0 8 7] HI 6l4H4fcS-rSlta»IE«k^y 

gijcD^piSHTfeo, a 1 5 toavitt«riE^aajB2 4 
rau *HBo*r*««2 4 c 

M*mk:ieeftffdEft«H^C&^tt^£lKEft«A 
[0 0 8 8] ^*50 1 5 45ct«H 1 6 « 

tfTE-£««^<Blffl«8ffl2 4 a©M*J;0 t>^c#< 

[0089] msitt&mz&ttzmsmteM&nmwi 
Mfmm^y K©«ffl*«"r«»fMHTr»*. 
[0090] Hs^-raitaaciEfii^y HtHi 

tt, *?KffiJ12 4^ct^3-^^3 5<D*ig7&Wc£^o 

[0 0 9 1] BSfcS-rflHTCfc, 3-^S3 5<£>StJP 
H 8 te^affill 2 4 ©SIJ*H 7 J: 0 <M$tlT 

itre^ttSM 2 4 aMrraftiM 3 3 <d±m 3 3 

aT^oT, ftufB^tftffiH 1 a^5/W K*[p] (i^Y 

t, srfctt* 3 co^m/i 5 8 tmm&mm 3 3 i^saa 

1251, ^itfJK±^13 UCttM^nx^ft 
[0 0 9 2] «TE5 8t4*«tta»»T»«Sn^^i: 

*<*?*l<, «rE«««»«**£LTtt, a 10. ai 
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2 0 3 , S i 0 2 > T a 2 O s > T i CX A 1 N, AISi 
N, TiN, SIN, Si 3 N 4 , N i CX WO, W 
0 3 , BN, CrN, S i ON05V>&< tfe lift 

[0 0 9 3] ^AcWE^3CDiS5fea)l5 8©-gB«, tuffi 

2 4cDSiffig|52 4 b±i:liMSftT^fi:K fiufEi® 
*SJi 2 4 JiJC^/&£nfcfuE?g 3 (DifeMm 5 8 t4SH£co 

^an/i 2 4 s«»j&-rr*o 

[0 0 9 4] mf jSifiSffili 2 4 J: 0 fc/W h^ft^d 
0j5$nfcl3Oil61ll5 8_hiCte3-^JI3 5 

12 4(Z)SSgfi2 4 b±\zm&tsnTmttMum2 4 

fc $ tlfzVlM \Z & o T ^ * o 

[0 0 9 5] ffj|53-^J13 5CDfl9*IB3 5 a tt, *f[p] 
!Hlai0t)*«C»StSn, ituEiiuS® 3 5 a i 0 
20 fcfcfl&JBBHl affltt* §111 3KcfcoT*#&nfctt 
IC^-dTI^o £fcliuSEfij«® 3 5 aifflS Ic^-Tcfc 

±W2 4*6ttE3-irJi3 5£«imwi*£<!: 

[0 0 9 6] fufEfuSS 35a tTM^ (9 tt, 9 
0° £fcityea3-^J13 5 

(D&^3 5 batteaiM2 5icM$nxi^ 

30 [0 0 9 7] Sfc«fE3-?I3 5 i|^-Igt*«S 
nftU-H13 6H ftuEJSiitf/f 3 UCW^tlT 

[0 0 9 8] HI 7ttH5»C3S"rait«»e«k-^^ H© 
WTfe^o g|l7{:StJ:5l:, fttffE^affill 2 4 
t4, WMH2 4 a<0±ffi<DN9!y^|B*lftO«Tj-ft**h 

oT, h^fa\z\ft\fT^mfc£U&mJi 

^*T^CWJCJ!2:*^»*««2 4 d iTfjJSnTlrifi. 
40 »*W4— j &mm\Z7F:'?&5lZ. WE3£«SH2 4f4h 
77^fiTwS:ffioX, *SW4/VT h^fpJ^fpJWT^ 

[0 0 9 9] Eli 7tc^TJ:^{c, lfjfEiSil2 4© 
aSB«2 4 b±tC«*WJC»ttUfc3-^»3 514. A 

»^«XW$nit^o &451»E3-*I13 5© 
mjE*tftMH 1 affl^te, H 1 4tt«J:7?*Ufc(B«<OlW[ 

[0100] 3&*5Bii 7 tcs-r»«t4— ««ca#-r, * 

50 5Ee8t4C©-B«{c:(B^$nst>OT! t J4*:^o T^to^* 
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fgBJT'te. HulHa-^B 3 5 £ittTiE*frS]®H 1 a iW 

[0 10 1] 0 6 \t&5£WiZjortZ>m6mMBm.<Z>m\M. 
[0 10 2] 01 tOitt»tt. ±KI2 4t3-^l 

3 5©*jttc$>^>„ b6th mz&amm 2 4 cog|5# 

tBfrSS3-^)13 5©88iJ-i:*«-H*<bUfc«tttt»H6 
9 jWftElftRJB 3 3 ±CJEJfi)iSnT^S. 0 6 fC^Ti 
O iCffiEfiSttWlsHi 6 9 H. HufE*f(R)®H la*i;W 10 

BuiEHu^M^coa^^/N-r h*i6]ic[6]itT^fiS:$n^> 

3 5 tS:4»*««©a«ffl5 3 5 b tiWESKI 2 5© 

[0 10 3] Clc7)||Sfi^-rH0 6(c*-rJ:5tCBfffH3 
-*Ji3 5©fltJ*H 1 0 ttBtrE3BK«Jl 2 4 ©J«»H 9 

[0104] 018 «0 6 IC^TSlfiSB^EMt'N y h* © 20 
ffflx-ibs. 0 i 8 icSTJ;c>tx. ±ffiil2 4Wi^ 
Sgffi 2 4a CDXffifi h 5 i?H:£ft»ti-tft#fflMN& h 

*V»tt/W h^r|6jiC[fijWT^i|ia£t^:^mf^ffl*a2 4 
c 75^fiE$nSfJiHHfl7jM« 2 4c 24i4-3 

o 

[0 10 5] t*±. 0l7i^L0 6(C^-r*^BJ©^ 30 
£>-5«h#;CDjlDT$>-5o 

[0106] (i) ±ie^rncD*j6ff^tc*D^TfeHfr 

01. 0 2, 0 5*5«tCJC0 6«, «S»H3 3±tC»fi!c$ 
tl. BfffB«feiR)13 3C9_h®3 3 aUCMPgffiaftJ: 

14TI1 ^4(75*6^)15 7*3 J; #3 — ^)1 3 5 ±.\ZM 
fiSStl. mfIS^4cDiffeeil5 7*5«fc^3-^g3 5©± 
B«CMPft«&£ CD W^ADX tC «t o T¥fi{t 2 tlT ^ 40 

[0 10 7] ^COiotC^BJTttV^TncO^Jg^T 

». flfrfB±a«H2 4*®BK-rs(SSw/i^->^?£tp] 
±£i££;i<k#T#, tfE£fflfiB 2 4 OtttCfiftifiS 2 
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fimUT-rs&^Ct^m^ L< . «k0$f*L<H0. 5 

[0 10 8] (2) *5&w-ete^-rti<D$mBm<-v>b3 

-^13 5CDJISiJ¥£Xffi&ffiJi2 4©KiPJ:0 ! bJP<»« 

n^i^Tts. 0 1 ^c^L0 5 tz^mmmm-c 
«. ^mh±mmm2 4ta-^i3 5 

J&StlT^&o Z\<D£olZ^MUm2 4 t3 — t7M3 5 

&I^Xfi£ffi«2 4 <t^iPC0J?Vi 3-^B 3 5$^-T-5 
<fcoTlifrEXffi£@Jf 2 4C0M^S® 2 4 a «fc 

4{cj|«jk:EfiHK»*#< :t)l«Tt, M^coffij^Si^ 

[0 10 9] Sfc0 6tC^T5l]S6^T«, i»12 

4 ta-^l 3 5 i*?-#;t;M$nTV^#. z\com 
J6^ffiK*s(r»Tfe. StrEa — 5 <hXiKI6J12 4ffl 

[0110] (3) 0 1 fevib05 tz^-rm&mm-v 

^-rnt>^lKffi«2 4*J«ttf3 — :?JB3 5jJtgiJ*lC 
Jgfi£$nT^Sfc«e>. 3£liiI2 4 CO h^-y^*lT|-ffi 
UE3-^13 5CDiH^-ffi<i:giJCOfcCOi:LTHSST- 

[0111] ■ttet>-*,'&te(D£5iZ3iMMm2 4 ta- 

i7g3 5 fc«t— Wt$nfc^Ta&-5«t, h^-y^tST 
w-c^$nfcX88SB2 4©A-f hTjI^'N.COS^^-j* 
£"T:#3|gD$S< U Hfri2*f(R]SH 1 a*r>S/Vf h73[6l 

'N-enii ifffifHaWiT ^fe«{c(ij£co a - i7 ji 3 

5 e&A-rsifrp. mm^mum 2 4 ©astfiafnsK^ 

T, fflrE£8SJl 2 4 fc«JK£3fc|Sj£-lt-* £ 
ESMES£#-5 Z. ttfoSmzteZ. 
[0 1 12] L^LliiJEXB£ffiJI2 4C9/W hJjfa^CD 

BuKXaffiB 2 4 cDmrSg® 2 4a co im^tii&ffifeco b v 

2 4co^co«^O^^^L- J ^X</j:-5o 
[0 113] cn»C*H/*«M©«J:^t:±JKSIi2 4 t 

3-^B3 5 tz%\4iz : Bf$.-tz>m&. mz-&mi 2^ 

0 1 7 fCTKTi^lc, WIEXmffiH2 4<Db5>vfmT 

fe, l9aE3-^B3 5*l9E±»«)i2 4©fl(f^««2 
4 c X^Tlcata$>^-&, HuE3-i7)13 5SrWffi*fiei 
®H 1 afliJidjfi^tT^T-Sd.t^Bj^gtCi^^CO-e, 

SCtatBJUglC&S. Sfc±iII2 4*S«t0t3-i/JH 

[0114] ±oT±ia©«^6-rntfBiio«^. 
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m i o fc^-r ct o \z, ^mmrn 2 4 izm^tirzmfK(D 

^mVL2 4d_hfC3-^Jf 3 5*»«-r*t#tt, fu 
ESISI2 4 <E>l!&;£0{tt 2 4c^Ll \zm< L&ttti 
tffc bf, h77^ISTw« fc « 6 O L ^ 

ifrE^ffiffiJf 2 4<D^iS:S2 0ffiIl5 6Ti»TL 
CMPft«ldcfc^Tlfr££»«Ji2 4*5«fctf8S2 

nfcSB 2 oieaii 5 ei^B^-r^c^^pitg^^^cD 

X\ 012fC^r£?K, ±1812 4<Dflfcfr««2 4 10 
itrE£S8ffiJi2 4C0|fj^M^2 4c^L2 Klfi<SEfr£L 

[0 115] (4) *56MO^"rti<0*lfi»!BTfe, 0 
7 45cfctXBI8 (^-rtifcjEMH) tc^"TJ:^{c, ±«« 
12 4C9]ft3S®2 4 a©ffliS2 4 g, 2 4gdW6 

E^fiKffiJi 2 4 COfijS® 2 4a (D±m (aEfi&ISJf 2 4 CO 20 

[0116] d<£> <fc 3 (CSfjlH^ffiH 2 4 <7)M%$m 2 4 
a©fl!lj2 2 4 g, 2 4g*««»jB»-&^tt»ttItS 
ft. MEfu*ffi®2 4 aOff^WH^^^^, ^ 

c^^T^T c t3{CX4 1 ^--^^^i;/tchbT^, ( i 

i i ) -v^k-rmimm 2 a % mzm h 5 7^tw 1 a> 

tt*ttrrc:<fca*fc^. «£oTbuE 
ffl'JiZ2 2 4 gtCct^y »J >^>y*»jtT**«fc3fcfc 30 

[0 117] *&H7*J:tfH8©jftl6K:S"rJt3K:, 
fuEiHHMJI 2 4 0TBM«:M^nH/^»Il 3 
3, 5 70±ffi3 3a, 5 7bH ±HS12 4«^i 

z.n\*. Krei«aiJB2 4TJu^oifrEie»«3 

3, 5 7±^®JGSSnfc*»3tt^y+T*»7 1 SPSS 

[0 118] (5) Hl»:^bBI5K:3Rr*JfiWll8<Z)J: 
5iC£lKffiJf2 4t3-^I3 5 t&mxiZJ&J&T&m 40 
□ ^ iit!2 4£f5E3-£Jf3 5 <fc9 feffib>ffi¥MB 

[0119] ^n{Cct0BufH3-^H3 5 fe h7y 
^B*fRlC0»f®«[#/h$^imE±iKffie2 4<£>fu£g®2 
4 a*>SESflEttM(Z>A-- HHM a fc»H6«©ftVia 

[0 12 0] ^a)SaiSIHiA 7 HHTU U — KJB 
3 6£^LT:n-ni/Jf 2 7fcE««ffi##ASft*i, 

^^^m2 7 &ffift%mffi<vmmmmz£^TffiwmM so 
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12 lt3-^i3 5l:E»a»S«»sns. #HJfi 
»*^*-r«t5IC, MfaffiHlaXte, BuESSBffiJi 2 
4 COhuS® 2 4a chffiaaffig 2 1 CDmT«8® 21b^b 
OlftEftBff*?, ESi«#M©/\— KffiMaSSilL 
V7hHMbSIilt«. fuE^a^/i 2 4 (DSuiffi® 2 
4 a OMSr^MI&BBtffiW 2 1 cofuSffi 2 1 b 0D®«£ 0 
fe+^^/h^^^fcfetc, ltfE±88ffiS2 4<DS&aB®2 4 

(CJ: 0 fuEA— K®M a ^Sa^^BS^t $n 

[0 12 1] ^{c#^^cosaamE^^\^ K©JB 
ifc£&tCO^TKTtCSBlET<5o 01 9&UL@2 ltt 
^JS^O^il^SifiXSTab-So &&0 19/^£>0 
3 2\z*kT— XSHtiSfiaStES'sy Ko«WBBI* 

[0 12 2] 0 19 tC^flgTH #ttttJHMi 1 2 
±tc«tt»**«t&«8&««»2 i£JB/SLfc»* WE* 
MttM 2 1 OA^f h*[Rl»*t>mE#«ttl|ftft« 1 2 
* b CiJEiSiaSi 2 1 J: 

1 2<0±ffiSCMPft*a:<!:*ffl^T¥aYtJPX"r*, 

[0123] % A\zt&K.mmm&m 2 10/w h 

EMISKSI2 l±ffi*>Stttt«2 5©±ffi«c*^tT* 

[0124] ^K\zm 2 0 (C^fcfc 3 KttE#ate*6»Ji 

2 6 ©±IC 7 I/ - A ^ y *ffil:«k t) 3>f JH 2 7^Mf$. 

uOtS3<;H2 7tt, WElftRJf 2 5<z>B3<fc 

Dt>+»(cte^itt«{c»jE3E"rs. *UT«rE3'f ;m2 

7 <hj£Xtf7B3 1 *#*«»0«5l»Ji3 2 £ 

IS 3 3«rJgfi£-r*. 

[0125] 02 o<©tt!itc:dc«$nfc«-«tc*f 

UT, i^±^ b C M P gifj: ^TBFf J0I$ 

fir&'S. ^©fftaiH I9E«S»H3 3, igf2 5 
45«fctfJBLhW r B3 10iT*Wft4*¥iB (L-L 
®) coffiBSTff^Oo 

[0 12 6] WEWIiJDI©*!*, 0 2 ltc^-Tcka 
fc, 2 5 (DmS 2 5a, 3 3 C7)^® 33a 

*5cfctfJg_tfrfJI3 1C0^®3 1 art*£T|!3— ®£&£cfc 
OtCiDX^n^o 

[0 12 7] 2in*T*«#Sa6»IB»C*ViT*il"r*« 

itXgT^^c *ic0nc^T1«igcoigajKME^ / \>> 

[0 12 8] 0 2 2{lSTlgttt, ^TIuE^IS3 
3CDX®3 3 a, ^jtH2 5c7)X®2 5 a, 43«J:lXfic± 
tffB3 1(D±®3 1 ac?)±#:fCl/vX h«6 0 &Mf$. 
L, iTtaiCiO, iKiI2 4^MA o ^->6 0 
a^rjg^f^o BuE*fe^/N°5 7 ~>6 0 aS, ES«t<*:i: 
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(DttfaMH 1 a>^£, HufiBI&gcJi 2 5 0XB2 5 a fC£ 
TJBfiJE-T*. £fctufE;g_htfJf 3 10XB3 1 a^e>/N 
-f h*fpJ (H^Y^IrJ) f£yjiC/OHtX*>tfe#A^->£ 

St"*,, CiniCct OHUlE*tfolSH 1 a»gjlttl2 5$ 

2 4»J«Rp©^y*T*)i (HSLftW #*fe«W3 3 
©£BK«*>nxv*S<&T, iiu!E3Efi&M 2 4 cDTi^® 
/£2ti£:i!uf2* >y ^Ti*Jl£?JeLXte0* y+TttliS 10 
X7f>^TiitSo £CDt#* HufH^aMS 2 4 t> 
— »B»JSft*#, cn«cJ;OHrEi8SH2 40±B 
(hU-'J>^ffiiJ<E>3ffi®) N77^STw^<& 

[0 12 9] ^Cfc, 0 2 3 fcjK-TXSTtt, l»I2i«« 
IB 2 4±R««a»J13 3±CD^®JCI/>?X M6 1$I 
tfcf^o ItEl/'^ hJ16 lttttC±BM2 4 £D*> 

50tfc^A*->6 1 a&JKfiK-rs. itffSES 20 

^A°^->6 1 a0fuSB6 1 btt, iS®j«#<fc0*t[p] 
SHI aJ:9t>/vf h*iRi**fctt«-r*J:'5K:-r*. 
^LXBufE&itA^~>6 1 a(*HC3-^Jf 3 5£*y 

fc:J:oTWfB^®ffi»2 4 J: 0 t>JS^/»/S0 3 — i?Jf 3 

5 *«fflrfE^»s» 2 4^)±{cs^t6n^> 0 

[0 130] ttiSH 1 0 (D&olz* SfjfHH — ^7 W 3 5 £ 

Bte*&g&v>0x* stria* 5/*T*»o»*xatti&B 

fe^o 30 

[0131] S^ci 1 1 43 «fctf0 1 2 (DM-Ste, fifriH* 
8112 4 jktUUItt^fll 2 (DftU 5 6T 

CMPj8t«*ffl^T«IIEiIii2 4©±H 
RVWEft 2 (OlfiftM 5 6 (7)±ffl*ra— ^JHffcBlCjDX 
^0f£, B2 3©lgCSt«t5l:, UftiE±«« 
■ 2 4±C3 — 5S«faT^y=1r»jat-r-5« d0 
i^fuIH3-^«3 SCO h 5y^«*lRlfc45frt««-+ffi 

3^«HE*«SW 2 4 fcMfaSttftffiBTOfflK^ttM 

2 2 igi^fcstj; 3 tc, mm^mmm 2 4 2 40 

112 4£@^fi27mX^/£X€'£o *fc£0«^ 
bu8H3-^/13 5 0SSSR3 5 b SWBEftttH 2 5 01 
I2 5aCMU iWIEH — £7jf3 5 0X£§gfl 3 5 bi 

[0 13 2] &*@2 3liSti:oi:, BMEtfefT/^- 
>6 1 aCOHuS®6 1 b <£0*>*tftffiH 1 aflj^gn 
f:l/yXhI6lH f®W6 1c^ TB*S± 

ttSttiTMsnx^*^ cnn i/yxM6i 50 
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tJCckoT^TfrSo ^fc^tl{Cj:0mFlS3-"^B3 
5^HfjSB3 5 a*TB*^±B*C;6^tT/W hyjfn] 
(H^YTjfp]) IC«<«»B»*v^4»ftB^»«T# 

[0133] ±fl2XgJC J: D H 1 ^^"TSBlK^iE»'s 

v H^fi£*r^o n 2 4RtfH 2 5HB2 tc^-rsisf& 
[0134] 124 tsrifiTit, tfrfeteits 330 

±ffl 3 3a, SE^JB 2 5 0±ffi 25a, *5 J;tfj£_ttf g 
3 1(7)±I3 1 a^*:UyXM6 2^ML, 8 
JfcSIffttClcfctK ±@SI2 4 0tfef/^->6 2 a£?E2 
^T^o ffrfES^/1^->6 2 a£iti|fH*fftffiH 1 a ^ 

£o -€-bTWIHfe#/t^ — >6 2 art{C3ES8ffi)12 4^ 

[0 13 5] #(Cg]2 5 IC^-TXgXte, WIE^fiSffig 

2 4±, 43«kOJKei»»3 3±0^BfCL^^X H6 3 £ 
flgtftL&&, iuEl/yXM6 3i:3-^13 5^ 
/W->6 3a««o fc4rtM£U$?X M6 3 0 

KJV«iWE£tt&A2 40^/pcto few<«j*-r*. * 

fcBftiaU^X M63 0j£#A°^->6 3 a0fuSffi6 

3 b^\ mmmmm 2 4 0^® 2 4 f t^g-r^ <t 

v\z-?2> 0 £6KiifrBEifc$A^--->6 3 a6ftttl2 5 
XlcSTJESfiRT^o ^bXfufH&^A 0 ^ — >6 3 a 1*11:: 

6 3S»itSo 

[0136] z.mz^o. mm^mmm 2 a <D&wm 2 

4 f *6KrE*asaji2 4ctofci»jP0;*:#^3— ^ji 

^Ti&Jl (BiSL&n) ^ttiI3 3 0M(cS^nT 
V>£0X\ tufa^affiB2 4©TtCWJ«SftfctffK*!y 

-r^o c0ch#, miE*»sji2 4t>— asgijsna*^ 

cntc J: 0 tufB^affiJl 2 4 0 h 5 7^t§TwM< & 
»h5!y^{t^»J6«riSBttSita«iE»-Ny FSB 

[0 13 7] *&d(Z>iljft*jSfe-rtt, tte^!y*T*li 

0[^*x^«, 3-^i3 5^^0— iuxsf^, sifi 

XigSffiB&ftX^^^^fC, i6SffiJl2 4ttl HCDXy 
^>^XSfCBi$n^>/f^^0X\ t»IE*«S»2 4© 

[0138] XfEXgtC cfc 0 H 2 ^^-TSiea^taES^ 
7H^StS, 0 2 6&^LH2 8fc*-rxS»4H 
3, 4fc^'TS*lKaiaS's^ KCDRaiSSSt-I 

[0139] ei 2 6 ^^-rxsTfi, rnmmmm 330 
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±ffi 3 3 a , mmm 2 5 co±® 25a. &£zf&±vfm 

3 1C91I3 1 a©f#Cl/->^M6 4$MU 8 

[0 14 0] 02 6(CSTJ:5KMlE£i*/1:S'->6 4 
aCOiiu$S®6 4 b Srtf(fB*f [SlffiH 1 aiOfc/W h^(6] 
^ftfuEfiuSiS® 6 4b t mflH*tffi]EH 
1 amizmZtltcUiSZ. M6 4©I»6 4ctt, T 

B*^±®fc*HtTitriH*fi6i®H i am\zm<mm-mt 

[0141] -?-bTHuiE&£/1^->6 4 a|*3!C3-i7 
I3 5^^7+Ml- -f-CO^flfrEUvX h)l 6 
^T-So ^niCJ:oTHuiSffi3 5 a ^jtufEttftffiH 1 a 

fS-r^C<i:^*Tg-5> 0 SfcBtIfEBU!ffiffi3 5 a«Tffi?»^ 

ffi-e$.^>e:i^0^b^o SfcBuI2<IPJ4® 3 5 atil 
F B 1CO*kft0te9 0° BUiTN&S^ta**?* b(A. SfcSff 
E3-fi3 5 ttffrlEJg^Jf 2 5±c««wtcj«i*sn 
fctMitCftoTt^-S. 

[0 14 2] t£$$wiW.Ui?7> h»6 3S»Sbfc«. 
IE3-^J1 3 5©T^©ffl5»K»«Snfc^y+Tai 

[0 14 3] #ttC0 2 7 ICStliTH, BfllEB-^® 
3 5 ±Rtf*6IIUi 3 3i:fC. ftttftttttttttfc: J: *IB 4 © 

ibmzm4<Dmmms 7 scMPgiicioifKipi 
u cinicj;0Huia^4©^@5 7 <D±mt3-i7m 

3 5C0_L®<h£|s|— sFSftffifcTS*. 
[0 14 4] 8 iC^-TX^T«, iifjSEf5 4COii& 

#B5 7cojh. *JJ;^flfria3-^B3 5<D±\ZU>>X b 
Jf6 5£^fi)ib. IfrieU^X Mf6 5iC3£fiS«SB2 4 CD 
j£#A":?->6 5 aS»tft4. 

[0 14 5] 0 2 8tC^"TJ:5iC, SfffEl^vX h!6 5 
coBIJ¥£. HufE3-i7H3 5©iiJ?J;0fe/jN$< U. L 
^tiMEl'xX M6 5(Dtfc&/1? — >6 5 a©H55S® 
65bg, #|S|®H 1 a <h|^— ®£ft3<fc5tCJg(£-r 
£. Hu!etfe#/^->6 5 aCO&3gB6 5 c CULT 
«. 12 80«fc3l:, 3-^13 5©&Sg®£|^ — S± 
icST^-rntf. ii&ffiJf 2 4COffi*l#<£0 3COJ;5t;: 
*fcHuf2fe^/t^->6 5C9&4BB6 5 c £ 

MisjBHi a»c$s<0(*Tn«, Hfria^sH®)! 2 4 co 

M5:I4 CO J; 5 [Cjgfife^S. 
[0 14 6] ^•LTS5IBft#/t^->2 6l*gfc±«*MI 

TS. cni:<k0. iflW2 4a^ffiHlal:I 
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3-;7lf 3 5 (D±.\ZWteXMl8.tZ> 
[0 14 7] ftfcitufE^BHSU 2 4C0^-y^Ttd!S (0 
5pbftH) tf$&4<Dl&M®5 7 &<£Zfi3 — {7m3 5<D± 
Bf'iSc^nTl^COT. iiufE£i&<lJB2 4COTtCffi2fi)t£ 
ttfcfffE* *Ttfc« bTffcco * >;/ ^Tiftd £ X y 

B'J^ns**, dn(cJ;0tfjaE3E^1lB2 4C0h5-y^7*S 
Twtt«< ft Q . th7 y ?{LtC#j£nJtgftgiSi&»E 
S'W K^SitT^Zli^^cftS. 

10 [0 1 4 8] ±ECOIg{r«fcO0 3fe-5Vi«04fC^-r 
mim^y h*COi2jt^ffi(COl / iT0 2 9ftUb03 2 CO 

[0149] 029 t;stigTij> mmit&mm 33© 

±ffi 3 3a. Jgi^lf 2 5 C0±® 25a. *5=fc^jg_htf jf 
3 1 CO±®3 1 a<V±mzl>-JX he 6 6£ffi*fi)iU ® 
3tS^«t0, £8BffiJ12 4©tfc#/t* — >6 6 a£ffi* 
J5R-T-6. KfEtfeS/t^ — >6 6 aSfflfE*flRlMHl a* 

e.A-f (0^Y^[&)) mjHzm^-z-zMfc-r 

20 5. tLTi«jEft^->6 6artlC±8iI2 4S 
^y^BKLft^. «TEU^XMB6 6*i»*-r*. ft 
fe^-y^TtfeB (0^bftv>) «iftM3 3®iSi:i 

MTl^OT, tfrEHSfiSffiS 2 4C0TlC^fi£$tlftftf 
E* y +T*iSatTft©^ y^THSXyf^^ 
TI^ST^.. CCOi^. iffiE£fltt&J|2 4 fe-OTiJbtl 
CintCt DiuK^KffiJf 2 4 CO h7'y?iTwtt 

«< ft o . m h y zfoxzttfe^mzmmMmm^v 
[0150] *tc0 3 ocitiittt, Atre^aaM 

30 2 4_h, *5J;U:|6i&)l 3 3±CO^:®tCA 1 2 0 3 ^S i O 
2ftt*0*fi«*fe»»*HcJ;*»V»«tJll©« 3 C0*6ig;(i 5 
8^®fi£r^„ 

[0 15 1] *(C0 3 1 i:itigttt, vv>7.vm 
(0^LfttO SrfflV^T. StflH^ 3 CO^H 5 8 CO— 
^l^*bT7XgP5 8 a, 5 8 b ^fiKTS. — ^©buIB 
K8t 5 8 a %fl«S^aS«IB 2 4 CO»4gg& 2 4b ±{C®fiX 
-T*. *ftffi*COAg|5 5 8 b$, SE^B 2. 5 ±JCflgfiRT 

[0 15 2] ^(C0 3 2ic^-TXgTii. wtm^MMM 
40 2 4<±;D : b^^ii»coix->*7> hS6 7 ^gflfH^ 3 cojfegi 
I5 8±tMb, Sftfai^v'X M6 7 IC3 — ^B3 5 
C0tfe#/^->6 7 aSI^IttiOWTS. 
[0153] 0 3 2{c*-r=totc > mrEfe#/1^->6 
7 a CObuS® 6 7 b »[pJ®H 1 a<t0 fe/W h^lfil 
SfcHuie^#/t^->6 7 a *buIE«^ 
12 5±l:iTK«LTMt5. 
[0 15 4] ft*50 3 2(C^-TJ:o(C. mlfEfe^/^^- 
>6 7 aCOefrS®6 7 b «t 0 fc*f|o]®H 1 affillCJS^n 
h®6 7«, ^co^S®6 7c^\ T®^5>± 
50 ffifcjWtT/W h^(6j{C^^fCgii<ft^iW^®, fe^lri 
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[0 15 5] -tUTi(rCife^^->6 7 
I3 5*^7+MU rgUyX hB6 7^^-r 

lb, ilfrE£S&ffiB2 4 <fc9fcfilflP©JP^3-v-B3 5 

[0 15 6] &:fe0 3 2©J;?fC. liuE3 — ^B3 5 
BuEiBHIB 2 4 ©SSffiSP 2 4 b _k<hJSgeB 2 5 ±!C^- 

/SStlfcyy^Tt&B (HiRL-fcH) £x-y^>^T*R£ 
ScTS. C10t€rKrEi8BWII2 4 0±ffitt*3©*eil 
B5 8lC±oT^K£*lTV>-5©T, i!uEXy^>y*X 
ST-mjf23£ffiSM 2 4 ifiWlZtiZ Z. t*HHttT#*. 

[0 15 7] ±E©xe«C«tOBI5K*-rSiS«§SE» 
'Vy i^icH 6 fcSf SjSK&ES'Ny H 

OSSjt*tetCO^TH3 3*5«fcO:g3 3 4SrfflViTlKWr 

[0158] 033 tcsrrxg-ete. mmmmrn 33© 

l®3 3a, mWim2 5©iI2 5 a, £>cfcl«£±tf B 
3 1 ©_kM3 1 a ICU- v 7. M68 &Mf&L. S 

3te£«HC«fc9. 8tttt»i6 9CDft*^->6 8aS 

jb^-t-So 03 3tc^-r«t5tc:ifnafe^/i^->6 8 a 

CDftfiffl® 6 8b £ftfE*f [tGBH 1 a <h |«|— B Jit'flM 
U *ft«lEfta/^->6 8 a&lOTE&fftB2 5±JC 

[0 15 9] ■f-UTBfriaife#A'^->6 8 art(cEStt« 

*. fciS*y*T«iB (HSbatH) 3 3 

BfC^tlTli-SCOT. ittFEl&tttmB 6 9 ©TtC®/£ 
S flfclWE * y ^TtfeU £S Lift® ;* -y *Ttt!lB £x 

[0160] ei 3 3 o 69« 

-£©lfflSSffl 6 9a a*mrE*fftBH 1 a tcSItU SAcSig 
SG6 9 b^fjfH^H2 5±IC«^fc«sat$nfcttSg 

[0 16 1] X.\zm3 4l;*-ri8TIJ, WEi&tt*m 
H6 9±fCl^X hB7 0£l£j£U IMSCioT 
l&KttttWttB 6 9 ©fj^XS'^MB 2 4 M&LOltsb 
©&£/1y-->7 0 a5:MT5„ 

[0 16 2] iktCHfriHJ&^/^-W 0 aTTlffitS 

&«tt*mB 6 9 ©jiffti^ < & o . c 

Xy^>^^nTfliJ¥©*v^ttWf4)i 
6 9li3-i?i3 5 <hfcfl. S(rE£ffi£ffiB2 4 ta-^ 
135 t««-#ftsnfca 6 ©SlfiB^EIi'Sy 
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6 9 &Mf$.Lfz'&. rn&mnm 6 9 ©Tan©* y *t 

xstsmb 2 4 a*H« &nftv»± ? tz mmm&m 2 
4 £&»-rsfc©©if§ 3 <Dmmm 5 8 tf&s&ufct*. 

[0 16 3] ±Ebfe^m©8ifi*ffiTfe. SuK3eS£ 
112 4£¥fiffc®xfCJB2/£T#-5©T, 8ftK±fiB«B 
10 2 4*/^->»KS<»i8T?*, *;fc*y=r"FifeB«: 
|&5&-t£&g©x -7 5f >y*f;: «fc 0 KrE±fiB«B 2 4 © h y 
y ^«Tw*/hS < ^©KEeSSftKCPS* 

[0 16 4] JfcI2 2^l/iL0 3 2IC^tlSTlt 
£1«2 4t3-^135 t*»JIgTJBj«-C*a*> 
b, *frE3-*H3 5»J*B*©MJ*££««JH2 4#fi!c 
B#©flHff£D fcJP< LTWIE3-^B3 5©Blflf£3El6B 

20 3 3£>ctO:3 4 «fc 3 td^frlSB 2 4<h3 — ^13 

«. tfrE£««B2 4©l*ff«fc!)*>l»ffi3-*«3 5© 

[0 16 5] S5Kf&E£fflfcKB2 4£3-£B3 5 4: 

i7*STw$r, H9IE3 — ^B3 5©(H-te«hgiJ©t)©tb 
TRJTC*, mzmi. 3. 4©£-5tC3EJ&ffiB2 4 <h 
3-*B3 5£&±TTftta*fc-&4*i&©»&, ME 
3-^B3 5 ^gSllCttftBH 1 a fCjfilA&fil-JE^-C 
30 fi£3tEJ: 0 <bgft££&«B 2 4 ©A-f h^lSj'v 

©fiS^«fc£fi<JBlSTS. flfE±««B 2 4 SjJrjg© 
hy yyiHTwT. L^fe^lC«bO^^<^T^ 

So 

[0 16 6] £A±©J;c>tcEI 1 ^ L 0 6 tC^T^itfiK 

tt. *5EMK*tt*«rE^lBSB2 4 0«rSSa2 4 a® 
MMlCO^Tliatl.. ^3 5&UL0 3 7«IE® 
-R;«Wtc0 l ©SiMB^E&'\y K©SSitX 

s (02 2) &m^T3tw-rz>&. m2ti.^i,m6<D^ 

40 Tn©SElK§[E»^y HofiifixSicbsafflTS*. 

[0167] 035«EI22 tC^fSjtXgB^WSiiCJK 
^EfiAy H©»4)"IE®HTf**. 0 2 2 fC^-TXirc 
«, iHrE±«B«B 2 4 © y ^TttSB 7 UMLt 
ft. Z(D_tl,ZUi?7, hB6 0 

[0168] jkeweu^x hB6 o izmytmmz^K) 

3ESSHB2 4^©fc«i)©fe^/1^ — >6 0 aSMt 
-5. ^MS^ML. «El/^H6 0O|*j« 

Etfe#A°^->6 0 a©WffliJ4S®tt, Tffi^bXHfC^ 
50 ItTHyy ^1S*pSl (0^X^|fi)) ©«^ft*tj£*«*ffi 
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[0 16 9] -tbTH3 eic^-rxgco.k^ic. KrE4fe 

t*A°^->6 0 arttC3Ea©)12 4£*y=HBf3tU-Cl& 
El^yXM6 0»sn. ^©tK<itt0 3 7 
0. @3 7l;STJ:ol;, iifr§E£«gffiJl 2 4 © h 5 y 9 
i*lflIOPIiffllffl2 4g, 2 4gCH Tffi^e._hffilC 

So 

[0 17 0] 3fcfcHK±««H2 4©TfflKJBJ«3nfc 
* y *T*H 7 lJWl.O^j' *Ti£lf 7 1 £S*&X 1 0 

*|S1ICML4 5 0 K±T7 0' t&SHH^THSHtj&Uff 
*bH. JI©X^>:?IgJC«£9^£&;<y*TifeJI 
7 1 attfifc*;£n*. £Acitufex-y5P>y*i:fI!cJ;0± 

[0171] 137 Cwt «fc 5 fc, HffgBaESMSIS 24© 
W««H2 4g, 2 4 g*ig!l6tlSCifcJ:D, buIS± 

[0 17 2] &*>lTME;*y*T*J17 1 iC#ttttCD0|*. 
tfCufc£©£JR#*4&flH>fc»£, JME£ttffJI 2 4 

T^Tt)^Sfe^</>©T\ itfrK*>y*TifiJ17 1 tCj&tt 

[0173] ^tzMu^mmm2 A^j^mz.. 035 

»«bfc«. BfTlE^y+TiteB7 l ±lc»f»l6»ti|-W© 30 
Itlit^ ttr as*»te&l#&© H £x-y^>y*{cj;D 

n. ^©^WF*3^£fi8ffiB2 4 y^fijt-r*. 

fC <fc 0 h77^ iPI^'[6]©[^#Jffl'JiZ2 2 4 g , 2 4 g CTffi 

tfBj&zntzttimm 2 4 swts c t^pitgT* 

40 

[0 17 4] ft&^fgBJTte, BUEI/->*X Ml 6 0 «. 
tfc^EttfaMH 1 aTr© h77 ^*I?jfa©l*g*I 

*** <fc 5 CftfSnT^ntfA < . iiulE;tt|6]M 5 k 0 fe A 
•f K*[Bj^tC*5^-5^^/t^->©MfliJ©l*3*g®{C0 

[0 17 5] ^7t01^lib®6CSTHSS®ffi7?«. 

[0 17 6] 50 
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[f£in©#)3i] j^±©«tptc*^T«. 

®*&Jl©!|#K:SLr3S® £$R'h& h V y £*IT wTIEflUc b 
It®, h 7 y ^<HICJi«»C*rjt6-ra ^H£©i« 

[0 17 7] £fc#38SBTte. 3-y-H©flgff££I&ffi 
©iffiSSffi<fc 0 fc+#tc*#i^Wffi«£*rr-i>iitfiS3--y- 

[0 17 8] £«ffiJBii.i;tf3 — ?ll£giJ*fc:JB 

fc«lffl©fH«£fi<fl6MKbT ! b, HulE3-i7g^HE»!« 
^<h©*H6]ffi#JiC g ft iCjffitJttTJBjtdc-r-S H t ^BTfgfC 
&-5©T;» ffi5fc©jfej$&0££<fcatTi*-5<h#lC. suiS 

[0 17 9] SSKaMSUmi. 3£^ffiB©B(rJffl®©ffl 
E2te~FH7&>£. -tBlClfiU+T h y y ^H^l&]^©ti^fe^ 

ffig^iC&t^T, X + a-ft^CfeibTt), 7'J> 
y>^£KltT£-5cfce>!;:&D> t7h7 7^ttffiffl|5l 

[0®©ffim&iftBJi] 

[0i] *ftw\z&ttzmimmBm<Dm\£w.m.mm'\ 

y K©«»rB50. 

[0 2] *«Wfc*tt*IS2*E]!i»l6©SiSttS[ia»'\ 
y KOIKWSH. 

[0 3] *ISIfit45W*«3^1ifijeJli©Sit«»fa»'S 
y 

[0 4] *56Wfc*5tt-5S4*Ej6^ffi©sjaa^aas^ 

y h*©*»rffiH, 

[0 5] ^SEWfciittsfBsmfijgSiwSifiaiKlEft^ 
y K©fiJ«fffi0. 

[0 6] *mmz&»^6mmwm<nmm.Mfmm^ 

y H©*WfffiH, 

[07] *»Wt*lt*ait««aE»^y h*©«»iEffi 
0. 

[0 8] #fSWK:fett*Sifi«atlE»'\y K©53U©a5# 
J£®0, 

[0 9] ipstrnztett^m^sw Htcx^i-^^^ 

bfe«ffiSr^-rittW0. 
[010] 01 ©^Fffi0, 

[011] 0 1 nmommmm&TikT&ftiEwm* 

[012] 0 11 ©¥®0. 
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[0 13] 0 2<£>^F®0, 
[0 1 4] 03CD^®0, 

[us] m4(D^mm. 

[0 16] H4<Z>gi]<D¥ffi0, 
[0 17] 0 5c7)±Fffi0, 
[0 18] 0 6<Z>^PM0, 

[0 19] *«WK*»*Sltat«E»'\y K©«a* 

[020] 019 tc^-rxgo&icfr abn*-ifi 
0. 

[021] H2 o^*-rxe©*^ffiftton-&— xs 
0. 

[0 2 2] 0 2 1 t^-rxgO&Kfr&tott, 0 1IC^ 

[023] 02 2 {d^-rxso^cfcff^fcns— xg 
0> 

[024] 0 2 1 fcs-rxa©*fcf? &t>n. 02^ 

[0 2 5] 0 2 4{C^"TXgCD^:{Cfi 1 ^^n^)— Ig 

0. 

[0 2 6] 0 2 1 fcS-rxg^fcfT&totl, B3C^ 

[02 7] 0 2 6 K*TXg©*lCfffc:bnS— Ig 
0, 

[0 2 8] 0 2 7 fc*TXg<0*fc:fr&ton* — Ig 
0, 

[029] 02 1 fcs-rxso^^tfttfcn, iscs 
rmmmm.mm^y F^wa****-*-— xg0, 

[03 0] 0 2 9 fc*TXg<0&lCfr£;bn* — Xg 
0, 

[03 1] 0 3 Ofc*TXg©&£fffcfcft«---xe 
0> 

[0 3 2] 0 3 1 fc«-rxfi©*fcff&fen*— xe 
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[0 3 3] 0 2 1 fC^-rXg^tdff &*?n, 16C^ 

[034] 03 3 jcs-rxs^jcff at>n*—xa 
0> 

[035] *«a»©a(rJHffia)®^fts^-r— xs 
0, 

[0 3 6] 03 5 iztut xm<7)Wz&mnz>— xg0, 

[03 7] 03 6 (C*-rxg<^^f3fT fctltlZ— Xg 

0> 

10 [03 8] mm^mmmmm^ v k (z>#^£*-rffl*r 
®0, 

[03 9] Se*^43frt^fi8^y KlCX*^-^fE£ 

h mmmm.mm^y h 
h 1 a *rfta 

M IE^«#: 
Ma A— H® 
Mb V7hS 
20 11 X^-f^ 

2 1 iiffiiiii 

2 4 £MI 

2 5 wmm 

2 7 w()Vm 

3 3 $fe«bJl 
3 5 

5 6 2 (Dmmm 

5 7 ?g4CD*&jftJl 

58 sb 3 <D&mm 

30 60, 6 1, 62, 63, 64, 65, 66, 67, 6 
8, 7 0 1/yXM 

6 9 tttttmn 

7 1 *y*TifeJi 



17] 



[08] 
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(72)%BJ# qp-m £IE (72)f£BJ# fe® » 

(72)%Bj# /h# (72) mm mi mm 

(72)%SJ# iDffl H: F^ — A(#^) 5D033 AA05 BA08 BA12 CA01 CA02 

3iO£3M:fflES4?:*Wl#7^ 7JI/y DA04 DA07 DA08 DA31 

X*a»3:#*trt 5D111 AA08 AA11 AA24 BB09 BB16 

GG14 GG16 JJ07 KK04 



